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SUMMARY
The o b je c t  o f  t h i s  work was to  in v e s t ig a t e  th e  e f f e c t  o f s u b s t i tu e n ts  
on th e  s p e c tr a  and s t a b i l i t y  o f th e  f e r r i c  s a l i c y l a t e  s e r i e s .  In  t h i s  
connexion i t  was n e c e ssa ry  to  d e r iv e  a new sp e c tro p h o to m e tr ic  method f o r  
th e  d e te rm in a tio n  o f  th e  d i s s o c ia t io n  c o n s ta n ts  o f  d ip r o t ic  a c id s .  The 
method i s  a p p l ic a b le  even to  th e  case  o f  ex trem ely  weak a c id s  where th e  
d i r e c t  d e te rm in a tio n  o f  th e  e x t in c t io n  c o e f f i c i e n t  o f th e  doubly  charged  
an io n  i s  im p ra c t ic a b le .  The d i s s o c ia t io n  c o n s ta n ts  o f s a l i c y l i c  a c id ,
3 -m e th y l- , 5 - c h lo ro - ,  5-brom o-, 5 - n i t r o - ,  and 3 - n i t r o - s a l i c y l i c  a c id s  have 
been d e te rm in ed  by t h i s  m ethod. S a l i c y l i c  a c id  and i t s  m e th y l- , c h lo ro - # 
and b ro m o -d e riv a tiv e s  have been  found to  be s e n s i t i v e  to  th e  a c t io n  o f l i g h t .
In  th e  p re s e n t  work complex fo rm a tio n  was s tu d ie d  s p e c tro p h o to m e tr ic a lly . 
The s t a b i l i t y  c o n s ta n ts  o f  th e  f e r r i c  s a l i c y l a t e  complexes were de term ined  
by a new method based  upon th e  co n tin u o u s v a r i a t io n  p ro c e d u re . T his method 
e n a b le s  th e  co n tin u o u s  v a r i a t i o n  d a ta  to  be used  d i r e c t l y  to  determ ine n o t 
o n ly  th e  e q u ilib r iu m  c o n c e n tra t io n  o f  th e  complexes in  th e  s o lu t io n  b u t a ls o  
to  c a lc u la te  th e  hydrogen io n -c o n c e n tra t io n  o f  th e  s o lu t io n .  The a b s o rp tio n  
s p e c t r a  o f  th e  f e r r i c  s a l i c y l a t e  and s u b s t i tu t e d  f e r r i c  s a l i c y l a t e s ,  i n  th e  
re g io n  240-640 m|i , have a ls o  been re c o rd e d .
S in ce  a  s a t i s f a c t o r y  d is c u s s io n  o f th e  r e l a t i v e  s t a b i l i t y  o f  com plexes 
i s  n o t p o s s ib le  w ith o u t c o n s id e r in g  th e  e n th a lp ie s  and e n tro p ie s  o f  complex 
fo rm a tio n , a c a lo r im e tr ic  method o f d e te rm in in g  th e s e  q u a n t i t i e s  i s  d e s c r ib e d .
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The method has been used  to  d e te rm in e  th e  h e a t o f  th e  two io n i s a t io n  s ta g e s  
o f  s a l i c y l i c  a c id  and th e  h e a t o f  complex fo rm a tio n  o f  f e r r i c  s a l i c y l a t e .
I t  was found th a t  th e  s ta n d a rd  f r e e  energy  change o f  fo rm atio n  o f 
th e  f e r r i c  com plexes v a r ie s  l i n e a r l y  w ith  th e  s ta n d a rd  f r e e  energy  change 
o f fo rm a tio n  o f th e  r e s p e c t iv e  p ro to n  com plexes. The t h e o r e t i c a l  s i g n i f i ­
cance o f  t h i s  c o r r e l a t i o n  i s  d isc u sse d  in  te rm s o f Tr-bonding e f f e c t s .
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The f i r s t  sy s te m a tic  s tu d y  o f  complex compounds was c a r r i e d  o u t by 
W erner [ 1 ] .  He developed  th e  co n cep t o f ’’p rim ary  v a le n c ie s ” w hich s a t i s ­
f i e d  th e  chem ica l e q u iv a len c e  o f th e  atom, and ” secondary  v a le n c ie s ” which 
w ere s a t i s f i e d  by th e  c o -o rd in a te d  m o lecu les such as ammonia. W hile t h i s  
th e o ry  e x p la in e d  th e  s te re o c h e m is try  and isom erism  o f com plexes i t  f a i l e d  
to  e x p la in  why c e r t a i n  elem en ts had a g r e a te r  tendency  to  form  th e se  
compounds th a n  o th e r s .
P a u lin g  [ 2 ] ,  u s in g  va len ce-b o n d  th e o ry  and th e  co n cep t of o r b i t a l  
h y b r id i s a t io n ,  e x p la in e d  th e  n a tu re  o f th e  bonding w hich o c c u rre d  in  th e se
com plexes. He used  th e  m agnetic  moments of th e se  compounds a s  a c r i t e r i o n
n3-o f bond ty p e . For exam ple, [FeF^J has a m agnetic moment which c o r r e s -
ponds to  f iv e  u n p a ire d  e le c t r o n s  w h ile  [Fe(CN)g] has a moment which
co rresp o n d s  to  one u n p a ire d  e le c t r o n .  P a u lin g  su g g es ted  t h a t  [FeF^]^
3—was an io n ic  complex and [Fe(CN )g] was a c o v a le n t com plex. T h is  su p p o si­
t i o n  t h a t  s p in - f r e e  com plexes a re  io n ic ,  f o r  example th o se  o f  th e  f e r r i c  
io n  ( f iv e  u n p a ire d  e le c t r o n s ) ,  does n o t ag ree  very  w e ll w ith  t h e i r  p r o p e r t i e s  
Taube [ 3] su g g es ted  t h a t  io n ic  com plexes in v o lv e d  o u te r  d - o r b i t a l  h y b r id is a ­
t i o n  w h ile  c o v a le n t com plexes in v o lv e d  in n e r  d - o r b i t a l  h y b r id i s a t io n .
'V
A lthough P a u l in g ’s th e o ry  was very  s u c c e s s fu l  i n  e x p la in in g  th e  main 
f e a tu r e s  o f  c o -o rd in a t io n  ch e m is try , i t  f a i l e d  to  g iv e  a s a t i s f a c t o r y  
accoun t of a l l  i t s  a s p e c ts .  Thus, f o r  exam ple, one o f th e  w eaknesses o f 
t h i s  th e o ry  i s  t h a t  i t  o f f e r s  no e x p la n a tio n  as to  why o u te r  o r b i t a l
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bonding i s  p r e f e r r e d  in  some c a s e s .
R ece n tly  th e  l i g a n d - f i e l d [ 4-] th e o ry  has been w id e ly  used  f o r  th e
i n t e r p r e t a t i o n  o f th e  s t r u c tu r e s  and p r o p e r t i e s  o f complex compounds. This
in c o rp o ra te s  th e  c r y s t a l - f i e l d  th e o ry  o f B ethe[5 ] and Van V leck[6] and th e
m o le c u la r -o rb i ta l  th e o ry . The c r y s t a l - f i e l d  th e o ry  c o n s id e rs  th e  e f f e c t
o f  an e l e c t r o s t a t i c  f i e l d  on th e  d eg en e ra te  d o r b i t a l s  o f  th e  c a t io n .
Thus, w ith  th e  a id  o f t h i s  th e o ry  i t  can be shown th a t  ?/hen an e l e c t r o s t a t i o
f i e l d  o f cu b ic  symmetry p roduced  by s ix  n e g a t iv e ly  charged  io n s  o r  o r ie n te d
d ip o le s  i s  a p p l ie d , th e  d , d , and d o r b i t a l s  o f th e  c e n t r a l  io n  a re  r  xy 7 xz yz
a f f e c te d  to  a much sm a lle r  e x te n t  th a n  th e  dz 2 and d^2 y 2  o r b i t a l s .  As a
r e s u l t ,  th e  d - o r b i t a l s  o f th e  c a t io n  a re  s p l i t  in to  two g ro u p s, th e  t r i p l y -
d eg en e ra te  t  l e v e l  and th e  d o u b ly -d eg e n e ra te  e l e v e l  o f h ig h e r  en erg y .
The s e p a ra t io n  o f  th e  e n e rg ie s  o f th e  two groups o f  o r b i t a l s ,  / S  , b ro u g h t
about in  t h i s  way depends on th e  m agnitude o f  th e  p e r tu rb in g  f i e l d  f o r c e s .
The m o le c u la r - o rb i ta l  t r e a tm e n t a ls o  le a d s  to  th e  same c o n c lu s io n .
A gain f o r  sym m etrica l o c ta h e d ra l  com plexes, m o lecu la r  o r b i t a l s  a re  formed
from  th e  d , s and p o r b i t a l s  o f  th e  c e n t r a l  io n  and th e  l ig a n d .  In  th e
fo rm a tio n  o f th e s e  m o lecu la r o r b i t a l s ,  on ly  th o se  atom ic o r b i t a l s  w hich
belo n g  to  th e  same symmetry c la s s  may combine . T h is com bination  o f  atom io
o r b i t a l s  le a d s  to  s ix  bonding and s ix  an tib o n d in g  m o lecu la r o r b i t a l s .
There a re  no l ig a n d  o r b i t a l s  a v a i la b le  be lo n g in g  to  th e  same c la s s  as  th e
d , d , and d o r b i t a l s  ( t „  ) o f th e  c e n t r a l  c a t io n  and so rem ain  as xy7 xz* yz v 2g '
non-bonding o r b i t a l s .  The main r e s u l t  i s  t h a t  th e  t  o r b i t a l s  a re
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u n a f fe c te d  by cr bonding w h ile  th e  e^ o r b i t a l s  combine w ith  th e  l ig a n d
to  g iv e  a d o u b ly -d eg e n e ra te  bonding and a d o u b ly -d eg e n e ra te  an tib o n d in g
c o r r e c t  symmetry f o r  th e  fo rm a tio n  o f  it bonds.
As a lre a d y  m entioned  th e  l i g a n d - f i e l d  th e o ry  i s  capab le  o f p ro v id in g  
a s a t i s f a c to r y  i n t e r p r e t a t i o n  o f a number o f f e a tu r e s  o f c o -o rd in a tio n  
ch em is try  w here th e  o th e r  th e o r i e s  have f a i l e d .  Thus, on t h i s  b a s is  i t  i s
p a i r e d  and s p in - f r e e  com plexes [ 8 ] .  The energy  o f s e p a ra t io n  betw een th e
re q u ire d  to  overcome H und's r u le  o f maximum m u l t i p l i c i t y .  E f f e c t iv e ly  
th e re  i s  a c o m p e tit io n  betw een th e  exchange fo rc e s  which te n d  to  keep th e
and th e  l i g a n d - f i e l d  vdiich te n d s  to  fo rc e  e le c t r o n s  in to  th e  o r b i t a l ,  
even though t h i s  can o n ly  be done by p a i r in g  sp in s . Thus, f o r  a g iv en  
m e ta l io n  th e re  i s  a c r i t i c a l  v a lu e  o f  th e  l i g a n d - f i e l d  a t  which th e  ground 
s t a t e  changes from  th e  h ig h -s p in  to  th e  lo w -sp in  c o n f ig u ra t io n .  This 
c r i t i c a l  v a lu e  v a r ie s  from  c a t io n  to  c a t io n  and i s  a maximum in  th e  case
o f d'J s t r u c tu r e s  due to  th e  s p e c ia l  s t a b i l i t y  o f th e  h a l f - f i l l e d  d e le c tr o n  
s h e l l  which i s  c lo s e ly  connec ted  w ith  th e  exchange en ergy . I t  i s  f o r  th i s  
re a so n  th a t  many f e r r i c  com plexes a re  s p in - f r e e ,  s in c e  on ly  l ig a n d s  w ith
o r b i t a l .  In  t h i s  tre a tm e n t th e  t ^ a n d  e v* (a n tib o n d in g )  o r b i t a l s  a re
i d e n t i c a l  w ith  the  t~  and e o r b i t a l s ,o b t a in e d  from  th e  c r y s t a l - f i e l d
&
th e o ry . F u r th e r ,  i t  h as  been  shown [7 ] t h a t  th e  t Q d o r b i t a l s  have th e
L  7
easy  to  u n d e rs ta n d  ?/hy c a t io n s  w ith  d to  d s t r u c tu r e s  form  b o th  s p in -
e and t  
S
i s  o f  th e  same o rd e r  o f m agnitude as th e  energy
f r e e  io n  arrangem ent w ith  a maximum numbei o f p a r a l l e l  sp in s  (Hund’ s r u l e ) ,
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r e l a t i v e l y  s tro n g  l i g a n d - f i e l d s  can b r in g  about s p in -p a ir in g *  The o r b i t a l  
s e p a ra t io n  energy  depends on th e  s t r e n g th  o f  th e  l i g a n d - f i e l d  and, i r r e s ­
p e c t iv e  o f th e  c a t io n  in v o lv e d , the  v a lu e s  o f  £ \  have been  found to  
in c re a s e  i n  a d e f in i t e  o rd e r g iv in g  r i s e  to  th e  sp ec tro c h e m ic a l s e r i e s [ 9]»
The l i g a n d - f i e l d  th e o ry  has been  v e ry  s u c c e s s fu l  i n  the  i n t e r p r e t a t i o n  
o f  th e  s p e c tr a  o f many com plexes. In  th e  case  o f th e  io n [ lO ] ,
w ith  a s in g le  d e l e c t r o n ,  i t  p r e d ic t s  t h a t  th e re  shou ld  be an e le c t r o n ic
t r a n s i t i o n  from  th e  more s ta b le  t „  o r b i t a l  to  th e  l e s s  s ta b le  e o r b i t a l
2g g
and t h a t  t h i s  shou ld  occur a t  a freq u en cy  co rresp o n d in g  to  the  s e p a ra t io n  
betw een th e  two o r b i t a l s .  T h is  p r e d ic t io n  i s  in  agreem ent w ith  ex­
p e r im e n t. W ith c a t io n s  c o n ta in in g  more th a n  one and l e s s  th a n  n in e  d 
e le c t ro n s  th e  number o f  p o s s ib le  t r a n s i t i o n s  i s  g r e a t e r  and th e  a b s o rp tio n  
s p e c tr a  a re  more c o m p lic a te d . F o r exam ple, th e  [FeCHgO)^]^* io n  g iv e s
r}-* ! 0  Vi
r i s e [ l l ]  to  th r e e  a b s o rp tio n  bands in  th e  v i s i b l e ’a t  if07m(j.., 540mjj., and
700 mji. and a heavy doub le -peaked  a b s o rp tio n  band a t  200-2k0m|j. The band
e 1
i n  th e  u l t r a - v i o l e t  'was a t t r i b u t e d [ l l ]  to  a d - d p  t r a n s i t i o n  w hich i s
icw
allow ed  and th e  weak a b so rp tio n  bands i n  th e  v i s i b l e  Ho fo rb id d e n  d - d  
t r a n s i t i o n s [ 1 2 ,1 3 ] . From a knowledge o f th e  p o s i t i o n  of one o f th e  bands 
i n  th e  v is ib le* , th e  l i g a n d - f i e l d  th e o ry  c o r r e c t ly  p r e d ic t s  th e  p o s i t i o n  of 
th e  o th e r  a b so rp tio n  b an d s . These d - d  t r a n s i t i o n s  a re  fo rh id d e n [ lk ]  and 
a r i s e  from  a r e la x a t io n  o f  th e  s e le c t io n  r u le  due to  s l i g h t  m ixing o f th e  
d and p o r b i t a l s .
A no ther s u c c e s s fu l a p p l ic a t io n  o f  th e  l i g a n d - f i e l d  th e o ry  i s  th e
i n t e r p r e t a t i o n  o f th e  v a r ia t io n  o f th e  h e a ts  o f h y d ra tio n  w ith  atom ic
number f o r  th e  f i r s t  row t r a n s i t io n  e lem en ts . For exam ple, th e  v a r ia t io n
o f th e  h e a ts  of h y d ra tio n  o f d iv a le n t  t r a n s i t io n - m e ta l  io n s  shows a d i s t i n c t  
2+minimum a t  Mn . I f  th e  c a lc u la te d  c r y s t a l - f i e l d  s t a b i l i s a t i o n  e n e rg ie s  
a re  s u b tra c te d  from th e  h y d ra tio n  e n e rg ie s ,  i t  i s  found th a t  th e se  c o r re c te d  
h y d ra tio n  e n e rg ie s  l i e  on a smooth c u rv e [1 4 ] ,
From p u re ly  e l e c t r o s t a t i c  c o n s id e ra tio n s  i t  i s  to  be ex p ec ted [l5 ]  
th a t  a c a t io n  of h ig h e r  charge form s more s ta b le  complexes th a n  th e  same 
c a t io n  in  a low er va lency  s t a t e .  In  g en e ra l t h i s  i s  t r u e .  For example, 
th e  f e r r i c  complexes of s u b s t i tu te d  phenols are  f a r  more s ta b le  th an  th e  
co rrespond ing  f e r ro u s  com plexes[1 6 ]. However, ex cep tio n s  to  t h i s  r u le  do 
o ccu r. For example[ 1 7 ], th e  t r is -o y p h e n a n th ro lin e  complex of th e  f e r ro u s  
io n  i s  more s ta b le  than  th e  co rrespond ing  f e r r i c  complex due to  th e  fo rm atio n  
o f  a  s p in -p a ire d  fe r ro u s  com plex.
The l i g a n d - f i e l d  th eo ry  has th u s  proved i t s e l f  to  be a very  u s e fu l  
to o l  in  developing  modern id e a s  co n cern ing  th e  n a tu re , s t r u c tu r e ,  and s t a b i ­
l i t y  o f complexes and w ith  th e  a id  o f t h i s  th e o ry  p re d ic t io n s  about th e  
n a tu re  o f complexes may be made.
5
The f e r r i c  ion  i s  a t r a n s i t io n - m e ta l  c a t io n  having a 3<1 o u te r  
e le c tro n ic  s t r u c tu r e  and has a g re a t a f f i n i t y  f o r  oxygen[ 1 8 ]. The s tro n g  
c o lo u ra tio n  produced by th e  a d d itio n  of p heno ls  and en o ls  to  s o lu tio n s  o f 
f e r r i c  s a l t s  i s  w e ll known and has long been employed as an a n a ly t ic a l  t e s t  
f o r  th e  f e r r i c  io n  o r  th e  a tom atic  hydroxyl group. H antzsh and Desch[19]
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have shown t h a t  th e  p re sen ce  o f  a  f r e e  hydroxyl group on th e  a ro m a tic  r in g  
i s  e s s e n t i a l  f o r  th e  o ccu rren ce  o f  th e  c o lo u r r e a c t io n .  They a lso  observed  
t h a t  a c o n s id e ra b le  amount o f h y d ro c h lo r ic  a c id  i s  needed to  d e s tro y  th e  
c o lo u r  o f a  s o lu t io n  o f  one o f  th e s e  f e r r i c  compounds. W einland and 
B inder[20 ] su g g es ted  th a t  th e  c o lo u r r e a c t io n  betw een f e r r i c  c h lo r id e  and 
p h en o ls  i s  due to  th e  fo rm a tio n  o f  compounds to  which th e y  a s c r ib e d  th e  
g e n e ra l fo rm u la  C l^ Fe-O-CgH^R. Wesp and B rode[21] have made a  sy s te m a tic  
s tu d y  o f th e  c o lo u r  r e a c t io n  betw een f e r r i c  c h lo r id e  and 44 p h en o ls  and 10 
n a p h th o ls  in  aqueous s o lu t io n .  They observed  t h a t  s o lu t io n s  c o n ta in in g  
f e r r i c  c h lo r id e  and p h en o ls  g iv e  a b s o rp tio n  s p e c tr a  n e a r ly  i d e n t i c a l  in  type 
w ith  th o se  found  f o r  f e r r i c  th io -c y a n a te  w hich was th e n  th o u g h t to  have th e  
fo rm u la  Fe(CNS)g • They p u t fo rw ard , th e r e f o r e ,  th e  su g g e s tio n  t h a t  
" th e  f e r r i c  io n  -  p h en o l c o lo u rs  a re  due to  th e  fo rm a tio n  o f complex co­
o rd in a te d  n e g a t iv e  io n s  o f  th e  ty p e  Fe(0R )g ” , However, f u r th e r  
in v e s t ig a t io n s  by Bent and F re n c h [2 2 ], Edmonds and Birnbaum[ 2 3 ], Vosbur'gh 
and a s s o c i a t e ^  24] have shown th e  f e r r i c  th io -c y a n a te  complex to  be predom i­
n a n t ly  Fe(SCN)++ ( a t  l e a s t  a t  low c o n c e n tra t io n s  o f CNS ) .  M oreover, as a 
r e s u l t  o f  t h e i r  m ig ra tio n  s tu d ie s  Broumand and S m ith [25] found t h a t  c o n tra ry  
to  th e  o b se rv a tio n s  o f  Wesp and B ro d e[22] th e  f e r r i c  s a l i c y l a t e  complex 
c a r r i e s  a p o s i t iv e  ch a rg e .
The com plexes w hich th e  f e r r i c  io n  form s w ith  s a l i c y l i c  and su lp h o - 
s a l i c y l i c  a c id s  have been  s tu d ie d  over a wide range  o f pH. Kennard and 
Jo h n so n [26] have in v e s t ig a te d  th e  pH dependence o f  th e  a b so rp tio n  s p e c tr a
- 14 -
o f aqueous s o lu t io n s  o f th e  f e r r i c - s u l p h o s a l i c y l a t e  system  and found  ev idence 
f o r  th e  e x is te n c e  o f  th re e  com plexes having  maximum s t a b i l i t i e s  a t  pH 1 ,5  
( v i o l e t ) ,  5 .0  ( r e d ) ,  and 8 .2  (y e llo w ) .
Babko[27,28] has made a sp e c tro p h o to m e tr ic  s tu d y  o f th e  n a tu re  and
s t a b i l i t y  o f  th e  com plexes form ed by th e  f e r r i c  io n  w ith  s a l i c y l i c  acid*
The r e s u l t s  o f  h i s  in v e s t ig a t io n s  in d ic a te d  th e  e x is te n c e  o f  - a v i o l e t  com plex
co rresp o n d in g  to  th e  fo rm u la  [F e S a l]+ and s ta b le  a t  low pH v a lu e s .  At
— 3—h ig h e r  pH v a lu e s  he found th e  com plexes [ F e ^ a l ^ ]  and [F e (S a l)^ ]  •
Using J o b ’ s[29 ] co n tin u o u s  v a r i a t io n  method F o ley  and Anderson 
[3 0 ,3 1 ] have in v e s t ig a te d  th e  complex fo rm a tio n  betw een th e  f e r r i c  io n  and 
s u lp h o s a l ic y l ic  a c id  in  th e  pH ran g e  1 -  9 . They found i n  s t r o n g ly  a c id  
s o lu t io n s  ( to  pH 2 .4 )  i r o n  I I I  and s u lp h o s a l ic y l ic  acid r e a c t  i n  th e  r a t i o  
1 i 1 to  form  a v i o l e t  complex and t h a t  th e  s t a b i l i t y  o f t h i s  complex i s  
a  fu n c tio n  o f th e  a c i d i ty .  T h e ir  m easurem ents a t  h ig h e r  pH v a lu e s  in d ic a te  
th e  e x is te n c e  o f  com plexes of o th e r  m o le - r a t io s .  B an jeree  and H alder[32 ] 
have s tu d ie d  th e  r e a c t io n  betw een f e r r i c  c h lo r id e  and p heno l by fo u r  d i f f e r ­
e n t  methods and c la im  to  have found  ev idence f o r  th e  e x is te n c e  o f  the  
complex compounds co rresp o n d in g  to  th e  fo rm ulae  Fe(OPh)^ and H ^[Fe(0Ph)g] 
r e s p e c t iv e ly .
Banks and P a tte r s o n [  33] have made a p o la ro g ra p h ic  s tu d y  o f th e  
f e r r i c - s u l p h o s a l i c y l i c  a c id  system  i n  n e u t r a l  and a lk a l in e  s o lu t io n s  a t  
io n ic  s t r e n g th  1 , The r e s u l t s  o f  t h e i r  in v e s t ig a t io n s  le d  them to  th e  
c o n c lu s io n  t h a t  under th e se  s p e c if ie d  c o n d itio n s  a com plex o f the  fo rm u la
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[(03SGgH3 (0)C 00)3I 'e ]6"  i s  form ed.
Broumand and Smith[ 25] have in v e s t ig a te d ,  by th e  co n tin u o u s  v a r i a t io n  
method, th e  com p o sitio n  o f  th e  c o lo u re d  com plexes which th e  f e r r i c  io n  form s 
w ith  p h en o ls , n a p h th o ls , and e n o ls  in  d i l u te  s o lu t io n  a t  low pH. They 
have found th a t  under th e  chosen ex p e rim en ta l c o n d i t io n s ,  monohydric phen­
o ls ,  e th y lace to ace ta te ', and 2 -n ap h th o l-3 j6 d isu lp h o n ic  a c id  combine w ith  th e  
f e r r i c  io n  i n  th e  r a t i o  1 ; 1 . T h e ir  in v e s t ig a t io n  in d ic a te s  t h a t  th e se  
com plexes a re  p o s i t i v e ly  ch a rg e d , D ihydric  p h en o ls  such as r e s o r c in o l  form  
com plexes in  th e  r a t i o  1 s 1 and 2 : 1 and th e re  a re  in d ic a t io n s  t h a t  as 
many as th r e e  f e r r i c  io n s  combine w ith  each m olecu le  o f  th e  t r i h y d r i c -  
pheno l p h lo ro g lu c in o l .
U sing sp e c tro p h o to m e tr ic  and p o te n t io m e tr ic  m ethods B e rtin -B a tsc h [  34] 
has in v e s t ig a te d  th e  com position  and s t a b i l i t y  o f th e  com plexes o f  th e  f e r r i c  
io n  w ith  o -  and jo-hydroxybenzoic a c id s .  She found t h a t  in  a c id  m edia th e
.f
f e r r i c  io n  form s w ith  s a l i c y l i c  a c id  th e  c h e la te  compound O.C^H^.COOFe 
W ith ]>-hydroxybenzoic a c id  th e  f e r r i c  io n  form s th e  com plex Og.C.CgH^OFe-1 
A gren[3 3 ,3 6 ,3 7 ,3 8 ,3 9 ]  and o th e r  w o rk e rs [1 6 ,4 0 ,4 1 ,4 2 ] have s tu d ie d  th e  
complex fo rm a tio n  betw een th e  f e r r i c  io n  and a number o f  ph en o ls  in  a c id  
and a lk a l in e  so lu tio n s#  As a r e s u l t  o f  t h e i r  sp e c tro p h o to m e tric  and 
p o te n tio m e tr ic  m easurem ents th e y  concluded  t h a t ,  depending on th e  pH o f, 
th e  ex p erim en ta l s o lu t io n s , com plexes i n  th e  m olar r a t i o  1 : 1 , 1 : 2, and 
1 : 3 a re  form ed. Using A g ren 's  p o te n tio m e tr ic  te c h n iq u e , P ark [43] found 
t h a t  w ith  c e r t a in  p h e n o ls , such as s a l i c y l i c  a c id  and m ethyl s u b s t i tu t e d
+ +
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s a l i c y l i c  a c id s ,  th e  f e r r i c  io n  a ls o  form s p ro to n a te d  com plexes in  th e  
r a t i o  1 : 1 .
M ilburn[44] has m easured s p e o tro p h o to m e tr ic a lly  th e  e q u ilib r iu m  
c o n s ta n ts  f o r  th e  r e a c t io n
Fe3+ + X C ^O H  = Fe (XC^H^OFe) 2+ + H+
in  aqueous s o lu t io n s .  In  th e  above e q u a tio n  X = Hy, p -  C H y, £  -  B r-,
£  « NOg-^and m -  N O y. He has c o n s id e re d  th e  r e l a t i v e  e f f e c t  o f th e
s u b s t i tu e n t  X on th e  a f f i n i t y  o f th e  p h en o la te  io n  f o r  b o th  th e  f e r r i c  io n  
and hydrogen io n  and d is c u s se d  th e  r e s u l t s  in  te rm s o f th e  Hammet|45] 
e q u a tio n . W ith th e  a id  o f th e  Sarm ousakis[ 4-6] e q u a tio n , he h as  a ls o  c a l ­
c u la te d  th e  e q u ilib r iu m  c o n s ta n ts  f o r  th e  exchange r e a c t io n .
XC6H^0Fe2+ + CgH (f = + C6H40]?e2+'
S in ce  th e  r e s u l t s  o b ta in e d  in  t h i s  way d i f f e r  c o n s id e ra b ly  from  th e  
observed  v a lu e s ,  th e  a u th o r concluded  th a t  th e  sim ple e l e c t r o s t a t i c  model 
o f th e  complex on w hich he b ased  h i s  c a lc u la t io n s  i s  in a d e q u a te .
C hanley and Feageson[47] have in v e s t ig a te d  sp e o tro p h o to m e tr ic a lly  
th e  n a tu re  and s t a b i l i t y  o f th e  com plexes o f  th e  f e r r i c  io n  w ith  th re e  
o rth o -h y d ro x y n ap h th o ic  a c id s  and s a l i c y l i c  a c id  in  a 50% m e th an o l-w ate r 
m ix tu re  i n  th e  pH range 1 -  2 a t  th e  io n ic  s t r e n g th  0 .2 .  They have d i s ­
cu ssed  th e  fo rm a l analogy  i n  th e  s t r u c tu r e  o f  th e  f e r r i c  com plexes ( i l ) ,  
th e  hydrogen bonded an io n s o f th e  hydroxy a c id s  ( i )  and th e  p o s tu la te d  
t r a n s i t i o n  s t a t e  in  th e  h y d ro ly s is  of th e  r e s p e c t iv e  p h o sp h o ric  a c id  
e s t e r s  ( i l l )  as shown below f o r  s a l i c y l i c  a c id  :
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They w ere, how ever, unab le  to  f in d  any obvious r e la t io n s h ip  betw een 
th e  io n i s a t io n  c o n s ta n ts  o f th e  p a r e n t  a c id s  and th e  s t a b i l i t y  c o n s ta n ts  o f 
t h e i i  r e s p e c t iv e  i r o n  com plexes.
I t  i s  e v id e n t from  t h i s  l i t e r a t u r e  rev iew  t h a t  th e re  i s  some d is a ­
greem ent i n  th e  view s o f  th e  p re v io u s  in v e s t ig a to r s  on th e  com p o sitio n  o f 
th e  com plexes o f th e  f e r r i c  io n  w ith  p h e n o ls . I t  can be a ls o  seen  t h a t  
r e l a t i v e l y  l i t t l e  in fo rm a tio n  i s  a v a i la b le  on th e  dependence o f th e  s t a b i l i t y  
o f th e se  com plexes on the  n a tu re  of th e  s u b s t i tu e n ts  i n  th e  a ro m atic  r in g  
and th a t  much o f  th e  q u a n t i ta t iv e  work in  t h i s  f i e l d  has been  done under 
very  d i f f e r e n t  c o n d itio n s  o f io n ic  s t r e n g th  and te m p e ra tu re .
The o b je c t  o f  th e  p re s e n t  work was to  s tu d y  th e  n a tu re  o f th e  
com plexes o f  th e  f e r r i c  io n  w ith  a number o f s u b s t i tu t e d  s a l i c y l i c  a c id s  in  
a c id  m edia i n  o rd e r  to  p ro v id e  more in fo rm a tio n  f o r  a d is c u s s io n  o f th e
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e f f e c t  o f  s u b s t i tu e n ts  on th e  s t a b i l i t y  and s p e c tr a  o f th e se  com plexes.
F or t h i s  p u rpose  th e  fo llo w in g  compounds w ere chosen : s a l i c y l i c  a c id  and
3 -m e th y l- , 5 - c h lo ro - ,  5 -brom o-, 5 - n i t r o - ,  and 3 - n i t r o - s a l i c y l i c  a c id s .
S ince in  a l l  th e se  a c id s  th e  c a rb o x y lic  group i s  in  an o r th o - p o s i t io n  w ith  
r e s p e c t  to  the hydroxyl g roup , th e y  v / i l l  behave as b id e n ta te  l ig a n d s  le a d in g  
to  th e  fo rm a tio n  of c h e la te  compounds.
S e v e ra l w o rk e rs[4 8 ,4 9 ,5 0 ] have su g g es ted  t h a t , f o r  a s e r i e s  o f r e ­
l a t e d  o rg an ic  l ig a n d s ,  a l i n e a r  r e la t io n s h ip  sh o u ld  e x i s t  betw een th e
lo g a rith m s  o f  th e  s t a b i l i t y  c o n s ta n ts  o f th e  m e ta l com plexes and th e
n e g a tiv e  lo g a rith m s  o f th e  a c id  d is s o c ia t io n  c o n s ta n ts  o f  th e  l ig a n d s .  
A ccording to  Jones e t  a l ia [  51] th e  s lo p e s  of th e se  p lo t s  sho u ld  depend on 
th e  n a tu re  o f th e  bonding betw een th e  m e ta l c a t io n  and th e  l ig a n d .  They 
p re d ic te d  t h a t  i f  i n  a d d i t io n  to  <f  bonds 1r  bonds a re  a lso  form ed, th e  
s lo p e s  of th e se  p lo t s  sho u ld  be g r e a t e r  th an  u n i ty  f o r  7F -elec tron  a c c e p to r  
c a t io n s ,  such as th e  f e r r i c  io n , and l e s s  th a n  u n i ty  f o r  7 r-e le c tro n  donor
c a t io n s ,  such as th e  c u p r ic  io n .
W illiam s[5 2 ] su g g es ted  t h a t  th e  a b s o rp tio n  s p e c tr a  o f  f e r r i c -  
s a l i c y l i c  a c id  com plexes a r i s e  from  a d -  d t r a n s i t i o n  v a c a tin g f  53] a 
t^ g d  o r b i t a l  ?/hich can th e n  a c c e p t an e le c t r o n  from th e  l ig a n d  in  th e  
e x c i te d  s t a t e  (charg e  t r a n s f e r  s p e c t r a ) .  In  o th e r  words th e  f e r r i c  io n  
i n  th e  e x c i te d  s t a t e  i s  a  7 r -e le c tro n  a c c e p to r  and i t  i s  to  be ex p ec ted  
t h a t  th e  w aveleng th  o f  maximum a b s o rp tio n  sh o u ld  s h i f t  tow ards th e  r e d  
w ith  s u b s t i tu e n ts  which have in c re a s in g  w -e le c tro n  donor p r o p e r t i e s .
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T his p r e d ic t io n  i s  i n  agreem ent w ith  th e  l i g a n d - f i e l d  th e o ry .  Thus,
acc o rd in g  to  0 rg e l[5 4 ]  i f  th e  c a t io n  t 0 d o r b i t a l s  a re  occup ied  and th e
lig a n d  w  o r b i t a l s  a re  b o th  s ta b le  and o ccu p ied , th e n  th e  t^ ^ d  o r b i t a l s
a re  r a i s e d  in  energy  by t h e i r  i n t e r a c t i o n  w ith  th e  l ig a n d  ir o r b i t a l s .
T h is le a d s  to  a  d ec re a se  in  th e  s e p a ra t io n  energy , iA , betw een th e
\> and e l e v e l s .  Hence th e  g r e a te r  th e  i n t e r a c t io n  betw een th e
lig a n d  tt o r b i t a l s  and th e  c a t io n  t „  d o r b i t a l s  th e  s m a l le r  w i l l  be th e2g
energy  o f  s e p a ra t io n  1A • P rov id ed  th e  s p e c tr a  o f  th e se  f e r r i c -  
s a l i c y l i c  a c id  com plexes a r i s e  from  a  d -  d t r a n s i t i o n ,  th e  w avelength  
o f maximum a b so rp tio n  sho u ld  s h i f t  tOYfards th e  red  w ith  s u b s t i tu e n ts  w hich 
have in c re a s in g  7 r-e le c tro n  donor p r o p e r t i e s .
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S E C T I O N  I
EXPERIMENTAL
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MATERIALS
S tan d a rd  a n a ly t i c a l  p ro ced u res  were c a r r i e d  out as  d e sc r ib e d  by
V ogel[55]* A ll g la ssw are  was c a r e f u l ly  c a l ib r a t e d  b e fo re  u se  and a l l
re a g e n ts  were o f "AnalaR" g rade  -  w ith  th e  e x c e p tio n  o f  th e  s u b s t i tu te d
?U
s a l i c y l i c  a c id s ,  mono-sodium s a l^ y la t e ,  and sodium p e r c h lo r a te .  The 
o rg an ic  a c id s  were p u r i f i e d  by repeated r e c r y s t a l l i s a t i o n  from c o n d u c t iv ity  
w a te r , and d r ie d  in  vacuo over phosphorus p en to x id e  f o r  s e v e ra l  weeks. The 
p u r i t y  o f  each  a c id  was t e s t e d  by m e ltin g  p o in t  d e te rm in a tio n  (se e  T able 1 ,1 )  
and by t i t r a t i o n  a g a in s t  s ta n d a rd  a l k a l i ,
TABLE 1.1
Compound M elting  p o in t
S a l i c y l i c  a c id  159-159 .5°C
o_-creso tic  a c id  (3 - m e th y l- s a l ic y l ic  a c id )  161.5-162°C
2-h y d ro x y -5-ch lo ro -b c !n zo ic  a c id  ( 5- c h l o r c - s a l i c y l i c  a c id )  172- 173°C
2-hydroxy-5-brom o-benzo ic  a c id  (5 -b ro m o -s a lic y lic  a c id )  16 7 .5 -1 68 . 5°C
2-h y d ro x y -5- n i t r o -b e n z o ic  a c id  ( 5- n i t r o - s a l i c y l i c  a c id )  232- 233°C
2 -h y d ro x y -3 -n itro -b e n z o ic  a c id  ( 3 - n i t r o - s a l i c y l i c  a c id )  144 .9 -1 45.2°C
Mono-sodium s a l i c y l a t e  was p u r i f i e d  by s e v e ra l  r e c r y s t a l l i s a t i o n s  
from a lc o h o l and d r ie d  over phosphorus p e n to x id e . Sodium p e rc h lo ra te  
was p u r i f i e d  by re p e a te d  r e c r y s t a l l i s a t i o n s  from c o n d u c t iv i ty  w a te r , and 
th e  c r y s t a l s  were d r ie d  a t  130°C and allow ed  to  co o l in  a d e s ic c a to r  over
- 22 -
phosphorus p e n to x id e .
S o lu tio n s  o f th e  o rg a n ic  a c id s  ( f o r  re a so n s  which w i l l  be made c le a r  
l a t e r )  were p re p a re d  from th e  s o l id s  and used  im m ediately  a f t e r  t h e i r  
p re p a ra t io n .
Mono-sodium s a l t  o f 5 - n i t r o - s a l i c v l i c  a c id
H ubner[56] p rep a red  th e  m ono-potassium  s a l t s  o f n i t r o - s a l i c y l i c  a c id  
by th e  a d d i t io n  o f  two moles o f  th e  a c id  to  one mole o f po tass ium  c a rb o n a te . 
The sodium s a l t  o f  3 - n i t r o - s a l i c y l i c  a c id  was p rep a red  in  an analogous 
m anner. The c r y s ta l s  so o b ta in e d  were p u r i f i e d  by re p e a te d  r e c r y s t a l l i ­
s a t io n  from a lc o h o l and d r ie d  in  vacuo over phospherus p e n to x id e .
F e r r ic  -p e rch lo ra te
F e r r ic  h y d ro x id e , p rep a red  by p r e c i p i t a t i o n  from a h o t s o lu t io n  o f 
f e r r i c  c h lo r id e  w ith  a s l i g h t  excess o f ammonia, was washed th o ro u g h ly  
(n e g a tiv e  t e s t  f o r  c h lo r id e  io n s )  and d is s o lv e d  in  60fo p e r c h lo r ic  a c id .
The c r y s t a l s  o f  h y d ra te d  f e r r i c  p e r c h lo ra te  o b ta in ed  from t h i s  s o lu t io n  were 
f i l t e r e d  i n  a s in te r e d  g la s s  c ru c ib le  and some o f th e  excess p e rc h lo r ic  
a c id  was washed away w ith  w a te r ,
A s to c k  s o lu t io n  o f f e r r i c  p e r c h lo ra te  was p rep a red  by d is s o lv in g  
c r y s t a l l i n e  f e r r i c  p e r c h lo r a te  in  p e rc h lo r ic  a c id .  The r e s u l t in g  s o lu t io n  
was ap p ro x im ate ly  0,1M in  f e r r i c  p e r c h lo ra te  and 0.02M in  p e rc h lo r ic  a c id .  
The s o lu t io n  was an a ly se d  f o r  i r o n  bo th  g ra v im e tr ic a l ly  (a s  Fe^O^) and 
v o lu m e tr ie a l ly .  The amount o f f r e e  p e r c h lo r ic  a c id  in  th e  s o lu t io n  was 
de term ined  by th e  method o f Schumb and S w e e s te r[5 7 ]• 10 ml. o f  th e
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f e r r i c  p e r c h lo ra te  -  p e r c h lo r ic  a c id  s o lu t io n  was added to  ap p ro x im ate ly  
40 m l. o f b o i l in g  w a te r and t i t r a te d  w ith  0.1N sodium hydrox ide  in  th e  
p resen ce  o f pheno lph tha le in  as i n d i c a to r .  In  o rd e r  to  be a b le  to  observe 
th e  c o lo u r  change a t  th e  end o f  th e  t i t r a t i o n ,  th e  p r e c ip i t a t e d  f e r r i c  
hydrox ide  was a llow ed  to  s e t t l e  a f t e r  each a d d i t io n  o f a l k a l i .  The t i t r e  
gave th e  t o t a l  c o n c e n tra t io n  o f  010^~ p re s e n t  and th e  amount o f  p e r c h lo r ic  
a c id  was o b ta in e d  by d i f f e r e n c e .
The f e r r i c  p e r c h lo ra te  s o lu t io n s  employed in  subsequen t work were 
o b ta in ed  by d i l u t i n g  th e  s to c k  s o lu t io n .
P e rc h lo r ic  a c id
S tan d ard  p e r c h lo r ic  a c id  s o lu t io n s  were p re p a re d  from a 60^ p e r ­
c h lo r ic  a c id  s o lu t io n  and s ta n d a rd is e d  a g a in s t  bo th  borax  and sodium 
c a rb o n a te .
Sodium hydrox ide
S tandard  s o lu t io n s  o f sodium h yd rox ide  were p re p a re d  by t r a n s f e r r i n g  
a f i l t e r e d  50fo sodium hydrox ide  s o lu t io n  in to  a n ic k e l  b o t t le [ 5 8 ]  ( f i t t e d  
w ith  a so d a-lim e  guard  tu b e ) c o n ta in in g  th e  r e q u i s i t e  amount o f carbon  
d io x id e  -  f r e e  c o n d u c t iv i ty  w a te r . The r e s u l t i n g  s o lu t io n  was s ta n d a rd is e d  
w ith  p o tassium  hydrogen p h th a la te  and s ta n d a rd  p e rc h lo r ic  a c id .  In  
experim en ts where e i t h e r  sodium hydrox ide  o r sodium ca rb o n a te  was employed 
carbon  d io x id e  -  f r e e  c o n d u c t iv ity  w a te r was used  in  th e  p re p a ra t io n  o f 
a l l  s o lu t io n s .
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B u ffe r  s o lu t io n s
In  th e  p re p a ra t io n  o f Na^CO^/NaHCO^ b u f f e r  s o lu t io n s ,  p e rc h lo r ic  
a c id  was added below th^1 s u r fa c e  o f th e  sodium c a rb o n a te  s o lu t io n  i n  o rd e r  
to  p re v e n t lo s s  o f carbon  d io x id e . S tan d ard  s o lu t io n s  o f sodium ca rb o n a te  
were k ep t in  a n ic k e l  b o t t l e  and were used  w ith in  24 hours o f t h e i r  p re p a ra ~ 'c  
t i o n .
A ll s o lu t io n s  used  in  experim en ts  w i l l  be d e sc r ib e d  in  th e  t e x t  and 
in  t a b l e s .
SPECTROPHOTOMETRIC MEASUREMENTS
S p e c tro p h o to m e tric  measurem ents were made by means o f a Unicam 
S .P . 500 sp e c tro p h o to m e te r . The in s tru m e n t c o n s is ts  o f a hydrogen d isc h a rg e  
lamp, f o r  use  in  th e  range 200-320 m(j,f . and a tu n g s te n  lamp, f o r  th e  320- 
1000 mjj, , re g io n , a monochromator w ith  a 30° q u a r tz  p rism , and i n t e r ­
changeab le  b lu e  and re d  p h o to c e l ls .  The p h o to c e ll  o u tp u t c u r re n t  i s  
m easured by b a la n c in g  th e  drop a c ro s s  a  lo ad  r e s i s ta n c e  o f 2000 megohms w ith  
a s l i d e  w ire  p o te n tio m e te r  c a l ib r a te d  in  bo th  p e rc e n ta g e  tra n s m is s io n  and 
o p t i c a l  d e n s i ty .  The s e n s i t i v i t y  c o n t ro l  v a r ie s  th e  e l e c t r i c a l  s e n s i t i v i t y  
by ap p ro x im ate ly  10 to  1, a llo w in g  th e  u s e r  to  s e t  th e  s l i t  w id th  and o p e ra te  
a t  p red e te rm in ed  band w id th s . A sw itc h  i s  a ls o  p ro v id ed  which in c re a s e s  
th e  s c a le  s e n s i t i v i t y  by a f a c to r  o f 10, p e rm itt in g  g r e a te r  accu racy  o f 
re a d in g s  when th e  o p t i c a l  d e n s ity  i s  above u n i ty .
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The in s tru m e n t was equipped w ith  an Adkins th e rm o s ta te d  c e l l  
h o ld e r ,  in  which th e  c e l l s  were k ep t a t  25 + 0 .1°C , S o lu tio n s  were f i r s t  
k ep t i n  a 25°C th e rm o s ta t b e fo re  b e in g  t r a n s f e r r e d  to  th e  c e l l  h o ld e r  to  
a llo w  e q u ilib r iu m  to  be a t ta in e d  qu ick ly*  The s o lu t io n s  were allow ed  to  
s ta n d  in  th e  th e rm o s ta te d  c e l l  h o ld e r  u n t i l  th e re  was no d r i f t  in  o p t i c a l  
d e n s i ty  f o r  f iv e  to  te n  m in u te s . The o p t i c a l  d e n s ity  was th e n  m easured as 
an average o f a t  l e a s t  f iv e  s u c c e s s iv e  re a d in g s .  These re a d in g s  were 
re p ro d u c ib le  to  w ith in  0.2J&,
The w aveleng th  s c a le  o f th e  in s tru m e n t was c a l ib r a t e d  i n i t i a l l y  by 
means o f a hydrogen lamp and a mercury-cadmium lamp. The w aveleng th  s c a le  
was th e n  f r e q u e n t ly  checked u s in g  th e  hydrogen l i n e s  a t  6563 $ and 4861 
The o p t i c a l  d e n s ity  s c a le  was c a l ib r a te d  u s in g  an aqueous s o lu t io n  of 
p o tass iu m  chrom ate[59] in  0.05M KOH, w hich was found to  be a s u i ta b le  
s ta n d a rd . F req u en t m easurem ents were su b se q u e n tly  made a t  a  number o f 
w aveleng ths to  check th e  o p t i c a l  d e n s ity  c a l ib r a t io n s .
In  a l l  th e  sp e c tro p h o to m e tr ic  m easurem ents m atched 1 cm. c e l l s  were 
u sed . One c e l l  alw ays c o n ta in e d  th e  s o lv e n t  and th e  o th e r  th e  s o lu t io n  
whose o p t i c a l  d e n s ity  was to  be m easured. The c e l l s  were p la ced  i n  e x a c tly  
th e  same p o s i t io n  every  tim e m easurem ents were made. The c e l l s  were 
c a l ib r a t e d  v e ry  f r e q u e n t ly  w ith  s o lv e n t  i n  b o th  c e l l s .  The m easured 
o p t i c a l  d e n s i t i e s  were th e n  c o r re c te d  f o r  th e se  sm all c e l l  d i f f e r e n c e s .
In  m easurem ents where sodium h yd rox ide  was em ployee, th e  c e l l  c o n ta in in g  
th e  s o lu t io n  was washed w ith  w a te r , fo llo w ed  by a lc o h o l,  a c e to n e , and e th e r .
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The d ry  c e l l  was q u ic k ly  f i l l e d  w ith  th e  s o lu t io n  c o n ta in in g  sodium hydrox ide  
and s to p p e re d .
In  th e  measurement o f  o p t i c a l  d e n s i t i e s  f o r  c a lc u la t io n  p u rp o se s , 
d u p lic a te  s o lu t io n s  were used  in  a l l  c a s e s .  The c o n c e n tra tio n s  o f  th e  ab­
so rb in g  s p e c ie s  w ere a d ju s te d  in  such  a way as to  g iv e  o p t i c a l  d e n s ity  
re a d in g s  ra n g in g  p r e f e r a b ly  from 0 .2 - 0 .8 .  For m easurem ents made a t  a f ix e d  
w aveleng th , th e  s p e c if ie d  w aveleng th  was alw ays approached from one d i r e c t io n .  
This was done to  p re v e n t ”b a c k - la s h M. The s l i t  w id th  was th e n  s e t  and a l l  
m easurem ents a t  a g iven  w aveleng th  were made u s in g  th e  same s l i t  w id th . I t  
was found th a t  a l l  th e se  p re c a u tio n s  were n e c e ssa ry  to  g iv e  maximum o p t i c a l  
d e n s ity  r e p r o d u c ib i l i ty .
CALORIMETRIC MEASUREMENTS
C a lo r im e tr ic  m easurem ents were c a r r i e d  ou t by means o f an iso th e rm a l 
c a lo r im e te r  o f th e  ty p e  d e sc r ib e d  by Sunner and Wadso[60] (s e e  F ig ,1 . l ) ,
The c a lo r im e te r  c o n s is te d  o f a g la s s  v e s s e l ,  A, o f 100 m l, c a p a c ity  
suspended in s id e  a chromium p la te d  b ra s s  ja c k e t ,  B. I t  was p ro v id ed  w ith  
a th r e e  pronged s t i r r e r ,  C, which ra n  th ro u g h  th e  l i d  o f  th e  ja c k e t  in to  
th e  c a lo r im e te r .v e s s e l .  The sam ple to  be examined was in tro d u c e d  in to  an 
am poule, D, made o f  1 cm. d ia m e te r  g la s s  tu b in g  and in s e r t e d  c e n t r a l l y  in  
th e  s t i r r e r .  The bottom  o f th e  ampoule ( F ig ,1,2) c o n s is te d  o f a v e ry  th in  
g la s s  p la te  (m icroscope s l i d e  co v er) f ix e d  by means o f  p a ra f f in -w a x . The 
sample was in tro d u c e d  in to  th e  ampoule th ro u g h  a sm all opening  a t  th e  top
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and s e a le d  o f f  w ith  p a ra ff in -w a x .
The te m p e ra tu re  o f th e  s o lu t io n  in  th e  c a lo r im e te r  v e s s e l  was m easured 
by means o f a th e rm is to r  (S ta n e l F 2311 /300 ), which was c o n ta in e d  in  a t h i n -  
w alled  g la s s  tu b e , E (F ig . 1 . l ) .  The r e s i s ta n c e  o f  th e  th e rm is to r  was d e te r ­
mined u s in g  a W heatstone b r id g e  a rrangem en t.
The c a lo r im e te r  was c a l ib r a te d  by means o f  an e l e c t r i c  h e a te r  which 
c o n s is te d  o f a la c q u e re d , s i l k  spun m anganin w ire  (0* 15 mm.) wound on a th in  
g la s s  tu b e ,c o a te d  w ith  epoxy r e s in  and s e a le d  in s id e  a g la s s  tu b e . The 
h e a te r  was p la ced  in  a th in -w a lle d  g la s s  tu b e , F (F ig . 1 .1 ) .  The r e s i s ta n c e  
o f  th e  h e a te r  was m easured between th e  le a d s  to  th e  h e a te r  a t  th e  m id -p o in ts  
between th e  c a lo r im e te r  v e s s e l  and th e  o u te r  ja c k e t .  F or th e  pu rpose  o f 
c a l ib r a t in g  th e  c a lo r im e te r  a c o n s ta n t c u r re n t  was p assed  th rough  th e  
h e a te r .  The m agnitude o f th e  c u r re n t  was m easured p o te n t io m e tr ic a l ly  u s in g  
th e  c i r c u i t  diagram  shown in  F ig .1 .3 .
D uring an a c tu a l  experim ent th e  c a lo r im e te r ,  c o n ta in in g  100 ml. o f 
s o lu t io n  and a loaded  am poule, was p la c e d  in  a th e rm o s ta t a t  25° + 0 .0 0 1 °C. 
The te m p era tu re  o f th e  s o lu t io n  in  th e  c a lo r im e te r  v e s s e l  was b rough t to  
25°C by means o f  th e  h e a t e r .  The i n i t i a l  r e s is ta n c e - t im e  cu rve was 
m easured ov er a  tim e i n t e r v a l  ( see  F ig . 1 .4 ) .  At tim e t^  th e  ampoule
was b roken  and th e  r e a c t io n  was ta k en  to  be com pleted when th e  r e s i s ta n c e  
o f th e  th e rm is to r  reach ed  a f a i r l y  s te a d y  v a lu e  ( t ^ ) .  In  view o f th e  
r a p id i ty  o f th e  r e a c t io n  th e  r e s is ta n c e - t im e  curve f o r  th e  r e a c t io n  p e r io d  
(20 seconds) co u ld  n o t be measured* F in a l ly  th e  r e s is ta n c e - t im e  cu rve
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f o r  th e  f i n a l  p e r io d  waS o b ta in e d . In  ev e ry  case  th e  tim e v a r ia t io n s
o f r e s i s t a n c e  ov er th e  i n i t i a l  and f i n a l  p e r io d s  w ere l i n e a r  th u s  showing 
th a t  a s te a d y  r a t e  o f  change o f te m p e ra tu re  had been a t ta in e d  (Newton1s 
Law o f c o o l in g ) .
The h e a t c a p a c i ty  o f  th e  c a lo r im e te r  was th e n  d e term ined  by p a s s in g  
a  c o n s ta n t c u r r e n t  f o r  a g iv en  tim e (3 -4  m in u tes) th ro u g h  th e  h e a te r  w ire .
As b e fo re  th e  i n i t i a l  and f i n a l  r e s is ta n c e - t im e  cu rv es  were m easured. These 
were a ls o  found to  be l i n e a r  (se e  F i g , 1 .5 ) .
The r e s i s ta n c e  R o f  a  th e rm is to r [6 1 ] i s  r e l a t e d  to  th e  te m p e ra tu re ,
T, by th e  e q u a tio n
E = AeB,/T , ( 1 . 1 )
where A and B a re  c o n s ta n ts .  D i f f e r e n t i a t i n g  (1 .1 )  we have
(dR/dT) (a R / u  T) = -BR/T2 , (1 .2 )
and hence i f ,  as in  th e  p re s e n t  c a se , th e  te m p era tu re  range  over w hich th e  
m easurem ents a re  c a r r i e d  ou t i s  sm a ll, A R  shou ld  v a ry  l i n e a r l y  w ith  A T .
For th e  pu rposes o f d e te rm in in g  te m p e ra tu re  c o r r e c t io n s  i t  i s  th u s  p o s s ib le  
in  t h i s  ca se  to  t r e a t  th e  r e s is ta n c e - t im e  cu rv es  in  th e  same manner as 
te m p e ra tu re - tim e  c u rv e s . The r e s is ta n c e - t im e  cu rv es  o b ta in ed  in  th e  
c a l ib r a t io n  experim en ts  w ere c o r re c te d  f o r  h e a t le ak ag e  and h e a t o f  s t i r r i n g  
by a p p ly in g  th e  D ick in so n [6 2 ] m ethod, on th e  assum ption  th a t  ov er th e  main 
p e r io d  th e  r e s is ta n c e - t im e  cu rve i s  l i n e a r ;  t h i s  assum ption  i s  j u s t i f i e d  
by th e  f a c t  t h a t  d u rin g  t h i s  p e r io d  e l e c t r i c a l  energy  was su p p lie d  to  th e  
c a lo r im e te r  a t  a  c o n s ta n t r a t e .  The method in v o lv e s  th e  d e te rm in a tio n  o f
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a tim e ,!t^ n such th a t  th e  shaded a re a s  in  Fig, 1.5 a re  e q u a l. The c o r re c te d  
i n i t i a l  and f i n a l  r e s i s ta n c e s  and a re  th e n  g iv en  by th e  p o in ts  H and 
F r e s p e c t iv e ly .  T h is method o f  te m p era tu re  c o r r e c t io n  was found to  g iv e  
r e s u l t s  w hich were v i r t u a l l y  i d e n t i c a l  w ith  th o se  o b ta in e d  by ta k in g  th e  
r e s is ta n c e  v a lu e s  R^ and R^ a t  th e  tim e ( t^  + t ^ ) / 2 .
In  view o f th e  r a p id i ty  o f th e  a c tu a l  r e a c t io n  th e  r e s is ta n c e - t im e  
cu rves o b ta in e d  in  t h i s  case  were c o r re c te d  by e x t r a p o la t in g  th e  r e s i s t a n c e ­
tim e cu rv es  o f  th e  i n i t i a l  and f i n a l  p e r io d s  to  a tim e (t^  + t ,p ) /2 , The 
c o r re c te d  r e s i s ta n c e s  R^ and R '^  were ta k e n  to  be g iv en  by p o in ts  Q and P 
r e s p e c t iv e ly  (se e  F ig .  1 .4 ) .
U sing e q u a t io n ( l , 1 ) i t  can be r e a d i ly  shown[63] th a t  i f  th e  d if f e r e n c e  
R^ -  R^ i s  no t too  la r g e ,  th e  te m p e ra tu re  d if f e r e n c e  T^ -  T^  i s  g iv en  by
T2 -  T, = C' lo g t lL /R p  ( 1 . 3 )
where C’ i s  a c o n s ta n t .  The h e a t c a p a c i ty ,  £, o f  th e  c a lo r im e te r  can be 
ex p ressed  by th e  e q u a tio n
E. = t  Rjj E2/ [ J ( T 2 -  T ^ r 2 ] (1 .4 )
where t  i s  th e  tim e , in  seco n d s, d u r in g  w hich th e  c u r re n t  i s  passed  th rough  
th e  h e a te r ,  R^ i s  th e  r e s i s ta n c e  o f  th e  h e a te r ,  E i s  th e  p o te n t i a l  drop 
a c ro ss  th e  s ta n d a rd  r e s i t o r  r ,  and J  = 4 .1840 i s  th e  number o f  a b so lu te  
jo u le s  p e r  c a lo r ie [6 1  ].For th e  c a lo r im e te r  used  in  t h i s  s e r i e s  o f e x p e r i­
ments th e  v a lu e s  o f  R^ and r  were found to  be 50,749 and 0,99901 ohms 
r e s p e c t iv e ly .  Upon s u b s t i t u t i n g  f o r  T^ -  T^  from e q u a tio n  ( 1 .3 ) in
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e q u a tio n  (1 ,4 )  i t  fo llo w s  th a t
£ = k t  E2/[C  ' l o g U j / R p ]  (1 .5 )
where
k = R g /jr  = 12.1533.
L et q r e p re s e n t  th e  amount o f  h e a t  l i b e r a te d  d u rin g  th e  r e a c t io n ,  
th e n  by d e f in i t i o n  we have
and hence w ith  th e  a id  o f  eqn, ( 1 .5 ) we have
q. = lo g  ( lU /R p k t  B2 
lo g  ( R j /E p
where -  T| i s  th e  te m p e ra tu re  change f o r  a r e a c t io n  c o rre sp o n d in g  to
th e  r e s i s ta n c e  change R l -  R !.i  1
S E C T I O N  I I
THE SPECTROPHOTOMETRIC DETERMINATION OF 
THE DISSOCIATION CONSTANTS OF SOME SUBSTITUTED
SALICYCLIC ACII[63a1
- 35-
The d e te rm in a tio n  o f th e  s t a b i l i t y  c o n s ta n ts  o f th e  m e ta l com plexes 
to  be s tu d ie d  in  th e  p re s e n t  work c l e a r ly  r e q u ir e s  a knowledge o f  b o th  ac id  
d is s o c ia t io n  c o n s ta n ts  o f  th e  r e s p e c t iv e  l ig a n d s .  The f i r s t "  d is s o c ia t io n  
c o n s ta n ts  o f  th e se  a c id s  may be determ ined  by th e  u s u a l methods and f iv e  
o f th e se  have been  determ ined  by B ray, Dippy, Hughes and Laxton[64] u s in g  
a c o n d u c tim e tr ie  te c h n iq u e . The second d is s o c ia t io n  c o n s ta n ts  o f th e se  
a c id s  a re  v e ry  sm a ll, f o r  exam ple, t h a t  of s a l i c y l i c  a c id [ 65 , 66, 67 , 68] i s  
o f th e  o rd e r  o f 10 and a re  d i f f i c u l t  to  d e te rm in e . S ince th e  f i r s t  
and second d is s o c ia t io n  c o n s ta n ts  o f s a l i c y l i c  a c id  i t s e l f  d i f f e r  by a 
f a c t o r  o f 1 0 ^  i t  i s  re a so n a b le  to  assume th a t  th e  two io n i s a t io n  s ta g e s  
do n o t o v e r la p  to  any a p p re c ia b le  e x te n t  and, c o n se q u e n tly , t h a t  methods 
used  f o r  th e  d e te rm in a tio n  o f th e  io n i s a t io n  c o n s ta n ts  o f m onoprotic a c id s  
a re  a p p l ic a b le  in  t h i s  c a se . The methods used  most f r e q u e n t ly  f o r  th e  
d e te rm in a tio n  o f such weak a c id s  in v o lv e  th e  u s e  o f in d ic a to r s [  67 , 69] o r  
sp e c tro p h o to m e tric  m casurem ents[ 7 0 ,7 1 ,7 2 ,7 3 ]*
A s u c c e s s fu l  a p p l ic a t io n  o f th e  in d i c a to r  p rocedu re  to  th e  a c c u ra te  
d e te rm in a tio n  o f a c id  d i s s o c ia t io n  c o n s ta n ts  c l e a r ly  re q u ir e s  a knowledge 
o f th e  in d i c a to r  c o n s ta n t .  The l a t t e r  sh o u ld  p re fe ra b ly  be o f th e  same 
o rd e r  of m agnitude a s  th e  a c id  under in v e s t ig a t io n .  Even in  such a case  
th e  p r e c is io n  a t t a in e d  i n  m easuring  th e  a c id  d is s o c ia t io n  c o n s ta n ts  
canno t be b e t t e r  th a n  th a t  o f th e  in d ic a to r  c o n s ta n t .  An in d ic a to r  o f 
knov/n b eh av io u r and w ith  an io n i s a t io n  c o n s ta n t o f th e  same o rd e r  of 
m agnitude as t h a t  o f  s a l i c y l i c  a c id  co u ld  n o t be found. In  any c a se ,
- 36 -
i t  Seemed.%ih'at w ith  a  sp e c tro p h o to m e tr ic  method more a c c u ra te  r e s u l t s  c o u ld  
he o b ta in e d .
S p ec tro p h o to m etric  methods o f m easuring  a c id  d i s s o c ia t io n  c o n s ta n ts  
have been e x te n s iv e ly  used  i n  r e c e n t  y e a r s .  The main advan tages o f t h i s  
p rocedu re  l i e  in  th e  f a c t  t h a t  o p t i c a l  m easurem ents made a t  v ery  low con­
c e n t r a t io n s  a re  r e l a t i v e l y  a s  a c c u ra te  as th o se  made a t  h ig h e r  c o n c e n tra t io n s  
[7 4 ] , and t h a t  even f o r  v e ry  sm all d i s s o c ia t io n  c o n s ta n ts  q u ite  r e l i a b l e  
r e s u l t s  can be o b ta in e d  under fa v o u ra b le  c o n d i t io n s [71]• For t h i s  re a so n  
i t  was d ec id ed  to  e x p lo re  th e  p o s s i b i l i t y  o f  ap p ly in g  th e  sp e c tro p h o to m e tric  
method to  th e  p r e s e n t  c a s e .
An in s p e c t io n  o f  th e  a b so rp tio n  cu rv es  o f  th e se  a c id s  re c o rd e d  f o r  
v a r io u s  pH v a lu e s  (see Figs. 2 .1 , 2»k, 2 .5 , 2 .1 0 ,2 J 4 ,2 .16)shows t h a t  a s u i ta b le  
w avelength  can  be s e le c te d  a t  w hich th e  d i f f e r e n c e s  betw een th e  e x t in c t io n  
c o e f f i c i e n t s  o f  th e  u n d is s o c ia te d  and io n is e d  s p e c ie s  a re  la rg e  enough to  
j u s t i f y  th e  a p p l ic a t io n  o f  sp e c tro p h o to m e tr ic  m easurem ents. However, in
view o f th e  sm all v a lu e  o f th e  second d i s s o c ia t io n  c o n s ta n t  of s a l i c y l i c  
a c id , i t  appeared  t h a t  methods in v o lv in g  th e  d i r e c t  m easurem ent o f the  
e x t in c t io n  c o e f f i c i e n t  o f th e  doubly  io n is e d  form  c o u ld  n o t be r e l i e d  on.
To overcome t h i s  d i f f i c u l t y  a p rocedu re  was adopted , th e  th e o r e t i c a l  b a s is  
o f  which i s  e x p la in e d  i n  th e  fo llo w in g  s e c t io n .
- 37-
THEORETICAL
« t
C o nsider a  d ib a s ic  a c id  o f th e  ty p e  H^L* L e t and be th e  
thermodynamic d i s s o c ia t io n  c o n s ta n ts  01 th e  a c id / j j  ^  th e  m olar e x t in c t io n  
c o e f f i c ie n t  o f th e  u n d is s o c ia te d  form  o f  th e  a c id , and E^g_ th e  m olar
e x t in c t io n  c o e f f i c i e n t s  o f th e  s in g ly  and doubly  charged  s p e c ie s  r e s p e c t iv e ly .  
I t  can be r e a d i ly  shown[75] t h a t  i f  th e  Lam bert-B eer law  i s  obeyed th e  
o p t i c a l  d e n s i ty  D o f a s o lu t io n  o f th e  a c id  a t  a  g iven  c o n c e n tra t io n  c 
(m easured a t  a w aveleng th  X) may be ex p re ssed  by th e  e q u a tio n
& = ( 2 a )  
h f l f 2 + + K i K2
which on rea rran g em en t assum es th e  form
-  Dg) + KjtifgCD “  D^) + h2f 2Zf 2 (D -  Dq ) = 0 . ( 2 . 2 )
In  th e  above e q u a tio n s  f^  and f^  r e p r e s e n t  th e  a c t i v i t y  c o e f f i c i e n t s  o f th e  
s in g ly  and doubly  io n is e d  s p e c ie s  r e s p e c t iv e ly ,  w h ile  h i s  th e  h y d ro g en -io n  
c o n c e n tra tio n  o f  th e  s o lu t io n .  The q u a n t i t i e s  Dq , and D a r e  d e f in e d
by th e  e q u a tio n s
D0 ( 2 . 3 )
X = ^ h l -  c1 ( 2 . 4 )
D2 = f L2-  <a ( 2 . 5 )
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where 1 i s  th e  le n g th  o f  th e  a b s o rp t io n  c e l l .
L et us now assume th a t  th e  two io n i s a t io n  s ta g e s  o f th e  a c id  a re
w idely  s e p a ra te d , i . e .
>> Kg (2 .6 )
E quation  ( 2 .2 )  can  th e n  b e  c o n s id e re d  under two extrem e s e ts  o f  c o n d i t io n s  : 
h 2 >
and
h2 K^Kg (2 .8 )
The f i r s t  o f th e se  c o n d itio n s , (2 .7)#  can b e  shown to  be s a t i s f i e d  i f  th e
hydrogen-ion  c o n c e n tra t io n  (h) o f th e  s o lu t io n  i s  made o f  th e  same o rd e r  o f
m agnitude as ic |,  and th e  second, ( 2 .$ ) ,  i f  h  i s  made o f  th e  same o rd e r  o f  
»
m agnitude as  K^.
! •  C o n d itio n  ( 2 .7 ) ,  (h 2 K-| kI )
Under th e se  c o n d i t io n s ,  and i f  th e  q u a n t i t i e s  (D -  D^)# (U -  D^), and 
(D -  Dq ) a re  o f th e  same o rd e r  o f  m agnitude, e q u a tio n  (2 .2 )  s im p l i f i e s  to
(D -  nj_) + h f j2 (D -  Do) = 0. (2 .9 )
I f  i s  s u f f i c i e n t l y  sm all th e  e x t in c t io n  c o e f f i c i e n t  o f  th e  u n d is s o c ia te d  
form  of th e  a c id  can  be m easured d i r e c t l y  a t  some s u i ta b le  w av e len g th .
In  such a ca se  i t  i s  c o n v en ien t to  r e w r i te  e q u a tio n  (2 .9 )  in  th e  form
l /(D o -  D) = l / (D o -  Dj) + h fx2A ^  (Dq -  Dx ) (2 .1 0 )
I
from  which b o th  and can  be e v a lu a te d  e i t h e r  g ra p h ic a l ly  o r  by
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ap p ly in g  th e  method o f  l e a s t  sq u a re s .
I f ,  however, i s  to o  1 ar^e to  p e rm it a r e l i a b l e  d i r e c t  d e te rm in a­
t io n  o f Dq i t  i s  s t i l l  p o s s ib le  to  e v a lu a te  a t  some co n v en ien t w aveleng th  
p ro v id ed  th a t  th e  v a lu e  o f i s  known. For t h i s  pu rpose  a s u i ta b le  form  
o f eq u a tio n  (2 .9 )  i s
B(K^ + h fx 2 ) = B ^  + DQh f  2 . (2 .1 1 )
t 2 2Hence i f  B(K^ + h f^  ) i s  p lo t t e d  a g a in s t  h f^  a s t r a i g h t  l i n e  sh o u ld  be
o b ta in e d , whose in t e r c e p t  shou ld  be eq u a l to
2• C o n d itio n  ( 2 .8 ) .  (h^ ^q^ l )
Under th e se  c o n d i t io n s ,  and a g a in  i f  th e  q u a n t i t i e s  (B -  D^),
(B -  B^), and (B -  Bq) a re  o f  th e  same o rd e r  o f  m agn itude, e q u a tio n  (2 .2 )
s im p l i f ie s  to
Kg(D -  D2) + h f 2 (D -  D]_) = 0 , (2 .1 2 )
from  which can be e v a lu a te d , p ro v id e d  e i t h e r  B^ o r  B^ i s  known.
I f  B^ i s  known e q u a tio n  (2 .1 2 )  may b e  w r i t t e n  as :
1/(D  -  1^) = 1/(D 2 -  D )^ + hfg/K^Dg -  Dx )
= 1/(D 2 -  D1 ) + K f 2/  K2 (D2 -  D1 ) f 12[0H- ] (2 .1 3 )
where i s  th e  io n ic  p ro d u c t o f w a te r . Thus a p lo t  o f l / ( D  -  B^) a g a in s t  
2 —.
f g / f ^  [OH ] shou ld  y ie ld  a s t r a i g h t  l i n e  whose i n t e r c e p t  and s lope  can  be 
used  to  c a lc u la te  IC .^
- A o -
A ccord ing ly , th e  ex p erim en ta l d e te rm in a tio n  o f  in v o lv e s , in  t h i s  
c a se , two s e r ie s  o f  m easurem ents. In  th e  f i r s t  s e r i e s  m easurem ents a re  
made, a t  some s u i ta b le  w aveleng th , o f  th e  o p t i c a l  d e n s ity  o f s o lu t io n s  o f th e  
a c id  whose h y d ro g en -io n  c o n c e n tra t io n s  a re  o f  th e  same o rd e r  o f  m agnitude 
as K^. For th e  purpose o f c a lc u la t in g  th e  ex p e rim e n ta l r e s u l t s  o f t h i s  
s e r ie s  a re  t r e a t e d  by means o f e q u a tio n  (2 .1 0 )  o r  e q u a tio n  ( 2 .1 l ) ,  depend­
in g  on w hether th e  q u a n t i ty  Dq i s  a c c e s s ib le  to  d i r e c t  m easurement or'vnot.
In  th e  second p a r t  o f th e  ex p e rim en ta l p ro ced u re  m easurem ents a re  
made, a t  e x a c tly  th e  same w aveleng th  as b e fo re ,  o f th e  o p t i c a l  d e n s i t i e s  
o f  s o lu tio n s  o f th e  a c id  ?/hose hydrogen io n -c o n c e n tra t io n s  are  o f  th e  same 
o rd e r  o f  m agnitude as K . To c a lc u la te  use  i s  made o f  e q u a tio n  (2 ,1 3 ) .
In  some c a se s  ( a s ,  f o r  exam ple, th e  n i t r o - s a l i c y l i c  a c id s )  i t  i s  
p o s s ib le  to  s e l e c t  a  w aveleng th  a t  which th e  s in g ly  io n is e d  s p e c ie s  does 
no t ab so rb . S ince in  t h i s  case  = 0 , e q u a tio n  (2 ,1 3 )  red u ce s  to
l /D  = 1/D2 + ^ f g A K ^ f p t O H " ] ) .  (2 .1 4 )
E quation  (2.12*.) i s  o f  e x a c t ly  th e  same form  as th a t  employed by S te a rn s  and
W heland[7l] i n  th e  d e te rm in a tio n  o f  th e  d is s o c ia t io n  c o n s ta n ts  o f mono-
p r o t i c  a c id s .  T h is  ca se  i s  p a r t i c u l a r l y  sim ple as i t  does n o t r e q u ir e
th e  knowledge o f  and th e re fo re  in v o lv e s  one s e r ie s  o f  experim en ts o n ly .
!
F in a l ly ,  i f  i s  n o t to o  sm a ll, th e  e x t in c t io n  c o e f f i c i e n t  o f th e  
doubly io n is e d  form  o f th e  a c id  can be d e te rm in ed  by d i r e c t  m easurem ents.
For th i s  c a se  e q u a tio n  (2 .1 2 )  i s  w r i t t e n
- 41-
1/(D 2 -  D) = l / ( D 2 -  D1 ) + K2/(D 2 -  Dx ) h f 2
= l / ( D 2 -  nj_) + K2f 12[0H "]/(D 2 -  E1 )Kwf.2 , (2 .1 5 )
2 —from which i t  can be seen th a t  i f  l / ( D 2 -  D) i s  p l o t t e d  a g a in s t  [OH ] / f g 
a s t r a i g h t  l i n e  should  be o b ta in e d . The v a lu e  o f  can be found by 
m easuring th e  s lo p e  and i n t e r c e p t  o f  t h i s  l i n e .  Here ag a in  one s e r ie s  o f 
experim ents i s  s u f f i c i e n t  f o r  th e  e s t im a t io n  o f  K^.
RESULTS AND DISCUSSION 
SALICYLIC ACID
To t e s t  th e  r e l i a b i l i t y  o f  th e  sp e c tro p h o to m e tr ic  methods d e s c r ib e d  
above i t  was d ec id ed  to  red e te rm in e  th e  second d i s s o c ia t io n  c o n s ta n t  o f 
s a l i c y l i c  a c id .  In  o rd e r  to  en ab le  a  ch o ice  to  be made o f a  p ro ced u re  
most s u i ta b le  f o r  t h i s  case  a b s o rp tio n  cu rv es  o f  aqueous s o lu t io n s  o f 
s a l i c y l i c  a c id  w ere m easured, f o r  v a r io u s  pH v a lu e s^ o v e r  th e  w aveleng th  
range 240 -  350 mp. The s p e c tr a  w hich c lo s e ly  resem ble th o se  r e p o r te d  
by Edwards[76] a re  shovm in  F i g .2.1#
The low v a lu e  o f th e  second d i s s o c ia t io n  c o n s ta n t  o f  s a l i c y l i c  a c id  
c l e a r ly  r u le s  o u t th e  p o s s i b i l i t y  o f  m easuring  th e  q u a n t i ty  d i r e c t l y ,  
and co n seq u en tly  p re c lu d e s  th e  use o f  e q u a tio n  (2 .1 5 ) .  A lso e q u a tio n  
(2 .1 4 ) seems to  be in a p p l ic a b le  in  th e  p r e s e n t  case  as  th e r e  ap p ea rs  to  be 
no w avelength  a t  w hich o n ly  th e  doubly  io n is e d  s p e c ie s  a b so rb s . There 
rem ains to  be co n s id e re d  th e  p ro ced u re  w hich in v o lv e s  th e  i n d i r e c t
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d e te rm in a tio n  o f  th e  q u a n t i ty  u s in g  e q u a tio n s  (2 .1 0 )  o r  ( 2 .1 l ) ,  p re p a ra ­
to r y  to  th e  d e te rm in a tio n  o f  by means o f e q u a tio n  (2 .1 3 ) ,  For a 
s u c c e s s fu l a p p l ic a t io n  o f t h i s  method a c a r e f u l  s e le c t io n  o f a s u i ta b le  
w avelength  i s  e s s e n t i a l .  However, in  choosing  th e  c o r r e c t  w avelength  i t  
i s  n o t alw ays p o s s ib le  to  s a t i s f y  a l l  c r i t e r i a  f o r  accu racy . Thus, f o r  
exam ple, in  a s p e c t r a l  re g io n  where th e  a b so rp tio n  curve i s  s te e p  ( i . e .  
where th e re  i s  a  la rg e  change o f o p t i c a l  d e n s ity  over a sm all w avelength  
band) an a p p a re n t f a i l u r e  o f  th e  Lam bert-B eer lav/ may r e s u l t  i f  th e  band­
w id th  employed i s  n o t s u f f i c i e n t l y  narrow . For t h i s  re a so n  i t  i s  d e s ir a b le  
f o r  o p t i c a l  d e n s i ty  m easurem ents to  be made a t  a f l a t  p o r t io n  o f the  
a b so rp tio n  c u rv e . Sometimes, however, o th e r  c r i t e r i a  o f ch o ice  o f wave­
le n g th  ta k e  precedence and n e c e s s i t a te  o p t i c a l  d e n s ity  m easurem ents a t  a 
s te e p  p o r t io n  o f  an a b s o rp tio n  c u rv e . Thus S i lv e r th o rn  and C u r t is [7 7 ] ,  
who g iv e  a  sp e c tro p h o to m e tric  method o f  d e term in ing  manganese i n  th e  p re ­
sence o f chromium, recommended w orking a t  a s te e p  p o r t io n  o f th e  a b so rp tio n  
cu rve  o f  p o tassium  perm anganate in  o rd e r  to  m inim ise th e  e f f e c t  o f im p u r i t ie s .  
In  th e  sp e c tro p h o to m e tric  d e te rm in a tio n  o f v e ry  weak m onoprotic a c id s  
S te a rn s  and W heland[7l] adop ted  a p rocedu re  w hich a ls o  e n ta i le d  o p t i c a l  
m easurem ents on th e  s id e  o f  an a b s o rp tio n  band. These w orkers were ab le  
to  show th a t  th e  b and -w id ths employed were s u f f i c i e n t l y  narrow f o r  th e  
L am bert-B eer lav/ to  be  obeyed.
In  th e  p re s e n t  case  i t  i s  e s s e n t i a l  to  v/ork a t  a v /avelength  a t  w hich 
th e  v a r ia t io n s  o f D w ith  pH a re  n o t too  sm a ll. From an exam ination  o f
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Hg,. 2  JL i t  ap p ea rs  t h a t  on ly  a t  th e  s te e p  p o r t io n s  o f  th e  a b s o rp tio n  c u rv e s , 
a t  about 326 mp, a re  th e  v a r ia t io n s  o f  th e  o p t i c a l  d e n s ity  w ith  pH s u f f i c i ­
e n t ly  la rg e  to  r e n d e r  p r a c t ic a b le  th e  i n d i r e c t  d e te rm in a tio n  o f  th e  q u a n ti ty  
I t  w i l l  be seen l a t e r  t h a t  in  a l l  c a se s  in  which -  f o r  rea so n s  s ta t e d  
above -  o p t i c a l  d e n s ity  re a d in g s  w ere ta k en  a t  a s te e p  p o r t io n  o f an 
a b so rp tio n  cu rv e , th e  e x p e rim en ta l d a ta  c o u ld  be w e ll f i t t e d  in to  an 
a p p ro p r ia te  form  o f e q u a tio n  ( 2 .2 ) .  S ince in  d e r iv in g  t h i s  eq u a tio n  th e  
v a l id i t y  o f th e  Lam bert-B eer law was assumed i t  must be concluded  th a t  in  
a l l  th e se  c a se s  th e  b and -w id th s  used  were s u f f i c i e n t l y  narrow .
S ince th e  p ro ced u re  based  upon eq u a tio n  (2 .1 0 ) r e q u ir e s  a knowledge 
o f  th e  q u a n t i ty  measurem ents were f i r s t  made o f th e  o p t i c a l  d e n s i ty  of 
s a l i c y l i c  a c id  s o lu t io n s  which were 0.45N, 0.61N, 0.71N and 0.86N i n  
p e r c h lo r ic  a c id .  The r e s u l t s  o f th e se  ex p erim en ts , which w ere c a r r i e d  
o u t a t  \  = 326 mp., show th a t  th e  o p t i c a l  d e n s ity  in c re a s e s  a t  f i r s t  w ith  
in c re a s in g  c o n c e n tra t io n  o f p e r c h lo r ic  ac^d b u t e v e n tu a l ly  re a c h e s  a va lue  
w hich, w ith in  th e  e x p e rim en ta l e r r o r  o f th e  in s tru m e n t, rem ains c o n s ta n t .  
T his v a lu e , w hich i s  g iven  in  T able 2.1, may th e re fo r e  be i d e n t i f i e d  w ith  Dq .
S o lu tio n s  o f  s a l i c y l i c  a c id  were n ex t p re p a re d  whose hydrogen io n -  
c o n c e n tra tio n s  ran g ed  from  1 ,5  x 10 ^ to  2 .3  x  10 ^  g . i o n / l i t r e .  The 
hydrogen io n -c o n c e n tr a t io n s  o f th e s e  s o lu t io n s  were a d ju s te d  by adding 
a l iq u o ts  o f  a s ta n d a rd  p e r c h lo r ic  a c id  s o lu t io n  o r a s ta n d a rd  sodium hydro­
x id e  s o lu t io n .  The s to ic h io m e tr ic  c o n c e n tra t io n  c o f  s a l i c y l i c  a c id  was 
m a in ta in ed  c o n s ta n t  th ro u g h o u t. The o p t i c a l  d e n s i t i e s  o f  th e se  s o lu t io n s ,
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m easured a t  e x a c t ly  th e  same w avelength  as b e fo re ,  are  a lso  g iv e n  in  
Table 2 .1 ,
To c a lc u la te  th e  hydrogen io n -c o n c e n tr a t io n  o f  th e  s o lu t io n s  use was 
made o f th e  e l e c t r o n e u t r a l i t y  c o n d i t io n .  For s o lu t io n s  to  which p e rc h lo r ic  
a c id  was added t h i s  assumes th e  form
h = [0H~] + [C l< \~ ] + [HL“ ] + 2[L2” ] ,  (2 .1 6 )
s in ce  p e r c h lo r ic  a c id  may be reg a rd ed  as be ing  co m p le te ly  io n is e d .  In
2-
t h i s ,  and in  a l l  subsequen t d is c u s s io n , th e  symbols H^L, HL , and L w i l l  
be used  to  re p re s e n t  th e  a p p ro p r ia te  s p e c ie s  o f  th e  s a l i c y l i c  a c id s .
S in ce , by d e f in i t i o n ,
K | = h[H L "]f12/[H 2L ], (2 .1 7 )
and = h2[L 2" ] f  , / [ f y , ] , (2 .1 8 )
i t  fo llo w s th a t
(HL"] = h f 2TJLo / ( h 2f 1Zf 2 + h f2iq_ + K^Kp, (2 .1 9 )
and [L 2 -] = K[K2c / ( h 2f 12f 2 + h f ^  + K ^ )  (2 .2 0 )
where c = [H L] + [HL ] + [L‘"~]. ( 2 .2 l )
We have, th e r e f o r e ,
h = [0H~] + p + ( h f ^  + 2K^ K2) o / ( h 2f 12f 2 + h f ^  + K^C,) ( 2 .2 2 )
(v/here P = [CIO^ ] = s to ic h io m e tr ic  c o n c e n tra t io n  o f th e  p e r c h lo r ic  a c id  
added), w hich, in  view o f c o n d itio n  ( 2 .7 ) ,  reduces to
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h = P + K ^ c /C h f^  + K-^). (2 .2 3 )
1 2 *
F in a l ly ,  upon s u b s t i tu t in g  f o r  K ^ /(h f^  + K^) from  eq u a tio n  (2 * 9 ), we f in d
h = p + o(Do -  D )/(D q -  E^). (2 .2 4 )
The io n ic  s t r e n g th  o f the  s o lu t io n s  as a fu n c tio n  o f  th e  c o n c e n tra t io n  o f
p e rc h lo r ic  a c id  added i s  given by
I  = + [OH- ] + [C IO ,- ] + [HL- ] + 4 [L 2 - ] )  (2 .2 5 )
w hich, i n  view o f d o n d it io n  (2*7), s im p l i f ie s  to
I  = t [ h  + p  + K jo /(h f  2 + K^)] = h (2 .2 6 ) .
In  th e  case o f s a l i c y l i c  a c id  s o lu tio n s  to  which sodium h yd rox ide
was added th e  e l e c t r o n e u t r a l i t y  c o n d itio n  r e q u i r e s  t h a t
h + [Na+] = [OH- ] + [HL- ] + 2[L2 - ] .  (2 .2 7 )
_ 2—
S u b s t i tu t in g  f o r  [HL ] and [L ] from  eq u a tio n s  (2 .1 9 )  and (2 .2 0 )  r e s p e c t iv e ­
ly ,  and making use o f c o n d itio n  ( 2 . 7 ) , t h i s  becomes
h = K ^ c /(h f^ 2 + K^) -  b , (2 .2 8 )
where b = [Na+] = s to ic h io m e tr ic  concentrat^nrii o f sodium hydrox ide  added*
t t 2
F in a l ly ,  ag a in  r e p la c in g  ILj/(K^ + h q  ) by (Dq -  D)/(D  -  D ) from  e q u a tio n
( 2 .9 ) ,  we have
h = o(Do -  D )/(D o -  n,_) -  b (2 .2 9 )
The io n ic  s t r e n g th  o f th e s e  s o lu t io n s  i s  d e f in e d  by th e  e q u a tio n
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I  = i( [N a +] + h + [OH- ] + [HL- ] + 4[L2 - ] )  (2 .3 0 )
w hich, upon c a r ry in g  ou t th e  n e c e ssa ry  s u b s t i tu t io n s  and s im p l i f i c a t io n s ,  
reduces  to
I  = h + b . (2 .3 1 )
The a c t i v i t y  c o e f f i c i e n t s  were c a lc u la te d  th ro u g h o u t by means of 
th e  Davies eq u a tio n , r e c e n t ly  m odified[ 7 8 ], in  the form  a p p ro p r ia te  to  s in g le  
io n s
-  lo s10f 2 = 0 .5  z2£ [ l V ( l  + 1^)] -  0 .3 1 }  (2.32)
For th e  purpose o f e v a lu a tin g  th e  q u a n t i t i e s  and D  ^ th e  hydrogen 
io n -c o n c e n tra t io n  was f i r s t  p u t eq u a l to  th e  c o n c e n tra t io n  o f  p e r c h lo r ic  
ac id  added, and an approxim ate v a lu e  f o r  th e  i n t e r c e p t  (3 ~ p  0 -  v  was 
o b ta in ed  by g ra p h ic a l  a p p l ic a t io n  o f eq u a tio n  (2 .1 0 ) .  A more a c c u ra te  
value f o r  h was th e n  c a lc u la te d ,  u s in g  e i t h e r  e q u a tio n  (2 .2 4 ) o r  ( 2 , 2 3 ) ,
The p ro c e ss  o f su c c e ss iv e  app rox im ations was re p e a te d  u n t i l  c o n s ta n t v a lu e s  
were o b ta in e d  f o r  th e  s lo p e  a  = 1/K^(Dq -  D^) and th e  in t e r c e p t  (3. In  th e  
l a s t  few s ta g e s  o f app rox im ations th e  method of l e a s t  squares was a p p lie d .
The u l t im a te  v a lu e s  o f 
a  and (3 were used  to  e v a lu a te  th e  q u a n t i t i e s  and D  ^ by means of th e  
r e la t io n s h ip s
K[ = p/o ( 2 . 33)
and
^  *  Do -  1/p (2.34)
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The p re c is io n  o f th e  ex p erim en ta l d a ta  was e s tim a te d  by e v a lu a tin g  
th e  s ta n d a rd  d e v ia tio n  o f y = l/( l> 0 -  D). T his i s  d e fin e d  by th e  
eq u a tio n
<3y =[ ! ( , i  y)2/(n-l) (2.35)
where A y  = y ca^ c “ ^ e x p tl  an  ^ n = num^ e r  o b s e rv a tio n s . The s ta n d a rd
d e v ia tio n s  o f th e  s lope and in te r c e p t  were found from  th e  ex p ress io n [ 79]
r _n n i
CTa  = £ n 2/ ( n  -  l ) [ n  ^  x2 -  ( /  x ) 2] j ( 2 . 36 )
and n 1 n 1 n i
° P  = ^  (<n £  xV ( n “ *>[“  -  ( X  X)2]}  ( 2 ' 3 7 )
1 1 1
2¥7here x = Jif_^  .
The v a lu e s  o f O and so o b ta in ed  v/ere th en  used  to  compute th e  s ta n d a rd  a  p
d e v ia t io n s  o f and w hich, in  view o f eq u a tio n s  (2 .3 3 ) s-n(3- (2 .3 4 ) may be 
ex p ressed  as fo llo w s  :
,2 2 / / v n \2  _  2 2cr =  -  [ C 2» k i / 2^ )  c a  * 0 ^ / * p r  ]
1
= + ( a „ /e 0 2 j 2 4  (2.38)
p
and
q  = i  [(? jd;l/ c. do )2 rTD 2 + ( a o y - & p ) 2 cf 2 ]
1 o J_
= i  [ q  2 + «^2/p i|' ] 2 (2.39)
0
The o p t i c a l  d e n s ity  d a ta  r e p o r te d  r e p re s e n t  th e  average v a lu e s  
r e s u l t in g  from  two s e r ie s  o f measurements perform ed on d u p lic a te  s o lu t io n s .
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For t h i s  reaso n  th e y  a re  ex p ressed  to  fo u r  decim al p la c e s  a lth o u g h  o n ly  
th e  f i r s t  th re e  d ig i t s  a re  s i g n i f i c a n t .  S im i la r ly ,  to  m inim ise th e  
e f f e c t s  due to  "round ing  o f f " ,  a l l  c a lc u la t io n s  were c a r r i e d  o u t u s in g  a 
g r e a te r  number of d i g i t s  th a n  j u s t i f i e d  by th e  p r e c i s io n  o f  th e  m easure­
m ents. The r e s u l t s  o f th e se  c a lc u la t io n s  a re  p re s e n te d  i n  Table 2 .1  and 
a lso  i l l u s t r a t e d  i n  F ig .2 .2 ,w hich shows a p lo t  o f l / ( D Q -  D) a g a in s t  h f^  . 
I t  can be seen th a t  th e  v a lu e  o f (1 ,0 6 4  -  0 .0 0 5 ) x  10 ^ o b ta in e d  i n  th e  
p re s e n t work f o r  i s  in  v e ry  good agreem ent w ith  th e  v a lu e s  re p o r te d  by 
p rev io u s  w o rk e rs . Judging  by th e  s ta n d a rd  d e v ia t io n s  o f  and th e  
p re c is io n  a t t a in e d  in  th e  p r e s e n t  case  i s  v e ry  s a t i s f a c to r y  and compares 
fav o u rab ly  w ith  t h a t  o f o th e r  m ethods.
In  the second p a r t  o f . th e  e x p e rim en ta l p ro ced u re  aqueous s o lu t io n s  
o f s a l i c y l i c  a c id  were p rep a red  to  which v a ry in g  amounts o f a s ta n d a rd  
sodium hydroxide s o lu t io n  were added . The s o lu t io n s  c o n ta in e d  s a l i c y l i c
a c id  a t  e x a c tly  th e  same c o n c e n tra tio n  a s  b e fo re  and t h e i r  hydroxy l io n -
_2  - ?
c o n c e n tra tio n s  ran g ed  from  3 .4  x 10 to  8 .4  x  10 g . i o n / l i t r e .  The 
o p t ic a l  d e n s i t ie s  o f  the  s o lu t io n s  m easured a t  \  = 326 mp a re  g iv en  in  
Table 2 .2 .
The hydroxy l io n -c o n c e n tra t io n  o f th e se  s o lu t io n s  was c a lc u la te d  
from th e  e l e c t r o n e u t r a l i t y  c o n d i t io n , w hich in  th e  p re s e n t  case  r e q u ir e s  
th a t
[Na+] + h = [0H_] + [HL- ] + 2[L2 - ] .  (2 .4 0 )
** 9-»
S u b s t i tu t in g  f o r  [HL ] and [L ] from  e q u a tio n s  (2 .1 9 )  and (2.20;)
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r e s p e o t iv e ly ,  and making use  o f c o n d itio n  (2 .8 )  we f in d
[0H“ ] = b -  ( l  + t 1 2K ^ [ 0 H ] / ( K v t 2 + f ^ O H - ] ) ] , , ,  (2 .4 1 )
w here, as b e fo re ,  b r e p r e s e n ts  th e  s to ic h io m e tr ic  c o n c e n tra t io n  o f sodium 
hydrox ide  added, b o th  i t  and i t s  s a l t s  b e in g  ta k en  as co m p le te ly  d is s o c ia te d .  
F u r th e r ,  s in c e  acc o rd in g  to  e q u a tio n  (2 .1 3 )
t 1 2K ,2 [ m ~ ] / ( K i t 2 + OH- ] ) = (D -  Ex )/(D 2 -  D1 ) ,  (2 .4 2 )
i t  fo llo w s  t h a t
[OH- ] = b -  [1 + (D -  a L)/(D 2 -  D1 ) ]  c .  (2 .4 3 )
The io n ic  s t r e n g th  o f  th e  s o lu t io n s  i s  g iven  by th e  e x p re ss io n
I  = i ( h  + [OH-] + [Na*] + [HL] + 4[L 2“ ]), (2 .4 4 )
w hich, on c a r ry in g  o u t th e  r e q u i s i t e  s u b s t i tu t io n s  and s im p l i f ic a t io n s ,  
becomes
I  = b + «(D  -  \ ) / ( \  -  D1 ) (2 .4 5 )
The hyd ro x y l io n -c o n c e n tra t io n  o f a  g iven  s o lu t io n  was computed by 
su c c e s s iv e  ap p ro x im a tio n s . As a f i r s t  approx im ation  th e  hydroxyl io n -  
c o n c e n tr a t io n  was assumed to  be eq u a l to  th e  s to ic h io m e tr ic  c o n c e n tra t io n  
o f sodium h yd rox ide  added to  th e  s o lu t io n .  Using th e  v a lu e  o f found 
in  th e  f i r s t  p a r t  o f the ex p e rim e n ta l p ro ced u re  an approxim ate v a lu e  o f 
th e  i n t e r c e p t  was f i r s t  o b ta in e d  by g ra p h ic a l  a p p l ic a t io n  o f  eq u a tio n  
(2 .1 3 ) .  A more a c c u ra te  v a lu e  f o r  th e  hydroxy l io n -c o n c e n tra t io n  hav in g
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been c a l c u la te d  by means o f e q u a tio n  (2 .4 3 )  th e  p ro c e ss  o f su c c e ss iv e  
ap p ro x im atio n s was co n tin u e d  u n t i l  a c o n s ta n t v a lu e  f o r  was o b ta in e d .
As b e fo re ,  in  th e  l a s t  few approx im ation  c y c le s ,  th e  method of l e a s t  sq u a re s  
was used  to  compute th e  v a lu e s  o f th e  in t e r c e p t  1/ ( 14, -  D^) and th e  s lope  
k / K2^D2 -  \ ) ,  from  w h ich  th e  v a lu e  o f and th e  s ta n d a rd  d e v ia tio n s  were 
e v a lu a te d . The r e s u l t s  o f  th e se  c a lc u la t io n s ,  in  vdiich th e  v a lu e
1 ,008  x  10 ^  was adop ted  f o r  K [8 1 ] ,  a re  shown in  T able 2 .2  and i l l u s t r a t e d
in  F ig .2.3* I t  can  be  seen th a t  th e  p re s e n t  v a lu e  o f Kg i s  low er th a n  th o se  
r e p o r te d  by p re v io u s  w o rk ers , and t h a t  th e  s ta n d a rd  d e v ia tio n  o f Kg i s  
about 2$. In  view o f th e  r e l a t i v e l y  h igh  io n ic  s t r e n g th  o f  th e  ex p erim en t-
i
a l  s o lu t io n s  th e  p r e c i s io n  a t ta in e d  in  the  p re s e n t  d e te rm in a tio n  o f  Kg must 
th e re fo re  be reg a rd ed  as v e ry  s a t i s f a c to r y .  However, in  a tte m p tin g  to  
a s se s s  th e  accu racy  o f  th e  p re s e n t  v a lue  o f  K g .i t  i s  n e c e ssa ry  to  c o n s id e r  
to  w hat e x te n t  t h i s  v a lu e  i s  a f f e c te d  by an e r r o r  in  th e  d e te rm in a tio n  of 
th e  q u a n t i ty  D^. For t h i s  purpose i t  i s  co n v en ien t to  p u t eq u a tio n  (2 .1 2 )  
in  th e  form
Kg' = h fz (D -  \ ) / ( \  -  D. ) .
D i f f e r e n t i a t i o n  o f Kg w ith  r e s p e c t  to  y ie ld s
clKg/ai^ = -h fg /(D 2 -  D ) = - K 2/ ( D - D } ) .  (2 .4 6 )
R earrang ing  we have
dK^/Kg = -  [ ^ / ( D  -  D1 ) l [d D j/D p  ,
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o r  dK'z /K'z  = ' i / K 2 = ± [ ^ / ( D  -  ] ,  (2 .4 7 )
where - ;K2 r e p r e s e n ts  th e  s ta n d a rd  d e v ia tio n  o f K^. Thus i t  can be seen  
th a t  th e  r e l a t i v e  e r r o r  in  kJ  d e c re a se s  w ith  in c re a s in g  o p t i c a l  d e n s ity  D. 
To f in d  th e  mean r e l a t i v e  e r r o r  o f  over the  o p t i c a l  d e n s ity  range  em­
p loyed  we n o te  t h a t  by d e f in i t i o n
(  h  \  _ h  1 dD = h
i D - D .  / D" -  D'  j  D -  Dn D" -  D1
\  /  n! 1P
D" -  D
and th e r e f o r e
(  \  + 2 .303 D" -  D.
, , -  l2 g     (2 .4 8 )
\  Kg /  D" -  D' D1 -  Dx
In  th e  above e q u a tio n s  D1 and D” denote th e  low er and th e  upper l i m i t s ,  
r e s p e c t iv e ly ,  o f  th e  o p t i c a l  d e n s ity  range em ployed. S u b s t i tu t in g  th e
nu m erica l v a lu e s  f o r  Df , D", and from  T ab les 2 .1  and 2 .2 , th e  va lue  o f
co rre sp o n d in g  to  an ex p e rim en ta l u n c e r ta in ty  o f 0.78% in  D^, i s  
found to  be o n ly  0.80%.
In  com paring th e  p re s e n t  v a lu e  o f K1^  w ith  th o se  o b ta in ed  by o th e r  
w orkers i t  must be k e p t in  mind th a t  th e  l a t t e r  were o b ta in ed  a t  "room 
te m p e ra tu re s” , and in  some c a ses  no allow ance was made f o r  th e  a c t i v i t y  
c o e f f i c i e n t s  o f th e  ch arged  s p e c ie s [6 5 ,6 8 ] , However, th e re  i s  s t i l l  
a n o th e r  f a c t o r  w h ich  must be tak en  in to  account in  th e  d e te rm in a tio n  o f th e
a c id  d is s o c ia t io n  c o n s ta n ts  and t h i s  i s  th e  q u e s tio n  o f  the  chem ical
-57-
s t a b i l i t y  o f th e  su b s tan ce  concerned . T h is f a c to r  i s  p a r t i c u l a r l y  im p o rta n t 
in  sp e c tro p h o to m e tr ic  m easurem ents where b o th  r e v e r s ib le  and i r r e v e r s i b l e  
l i g h t  e f f e c t s  may in tro d u c e  s e r io u s  so u rces  o f e r r o r  i f  n o t re c o g n ise d  and 
a llow ed  f o r .  For t h i s  re a so n  in  any sp e c tro p h o to m e tric  work, t e s t s  o f 
r e p r o d u c i b i l i ty  o f  m easurem ents ( s o lu t io n  p re p a ra t io n  and ageing) a re  
m andatory . A cco rd in g ly  th e  s t a b i l i t y  o f  s a l i c y l i c  a c id  s o lu t io n s  was 
s tu d ie d  in  b o th  a lk a l in e  and a c id  m edia. The r e s u l t s  of th e se  experim en ts  
r e v e a le d  t h a t  in  th e  pH range 1 -  4  s a l i c y l i c  a c id  s o lu t io n s ,  w hether 
s to re d  i n  th e  dark  or exposed to  d a y l ig h t ,  showed no changes in  th e  o p t i c a l  
d e n s i ty  even a f t e r  a p e r io d  o f s e v e ra l  w eeks. Ho?rever, in  th e  pH range 
12 -  13 s i g n i f i c a n t  in c re a s e s  ( l  -  3f°) were observed , a f t e r  on ly  24 h o u rs , 
in  th e  o p t i c a l  d e n s i t i e s  o f  th e  s o lu t io n s  exposed to  d a y l ig h t .  These 
o p t i c a l  d e n s i ty  in c re m en ts  Y/ere th e  l a r g e r  th e  h ig h e r  th e  pH o f th e  so lu ­
t i o n .  On th e  o th e r  hand, a lk a l in e  s o lu t io n s  o f s a l i c y l i c  a c id , s to re d  in  
th e  dark  f o r  24 h o u rs , showed much sm a lle r  inc rem en ts  in  th e  o p t i c a l  den­
s i t y .  S in ce  i t  appeared  l i k e l y  t h a t  th e  e f f e c t s  d e sc r ib e d  above v^ere due, 
a t  l e a s t  i n  p a r t ,  to  th e  a c t io n  o f  l i g h t ,  s a l i c y l i c  a c id  s o lu t io n s ,  in  b o th  
a c id  and a lk a l in e  m edia, w ere exposed to  u l t r a - v i o l e t  r a d ia t io n .  W hereas 
th e  a lk a l in e  s o lu t io n s  tu rn e d  p in k  a f t e r  only  one hour o f i r r a d i a t i o n  th e  
a c id  s o lu t io n s  showed no change in  c o lo u r  o r o p t ic a l  density #
A lthough , on th e  b a s is  o f th e se  experim en ts a lo n e , i t  i s  no t 
p o s s ib le  to  draw any d e f in i te  c o n c lu s io n s  re g a rd in g  th e  n a tu re  and mechan­
ism  o f th e  p ro c e s s e s  ta k in g  p la c e ,  i t  i s  rea so n ab le  to  assume th a t  i t  i s  
th e  io n is e d  p h e n o lic  group Y/hich undergoes th e  pho tochem ical change.
- 58 -
However, w hatever th e  n a tu re  of th e  p ro c e s s , i t  i s  c l e a r  t h a t  s u i ta b le  
p re c a u t io n s  m ust be ta k e n  in  o rd e r  to  m inim ise i t s  e f f e c t s  on th e  d e te rm in a ­
t i o n  o f  th e  second d is s o c ia t io n  c o n s ta n t  o f th e  a c id . For t h i s  rea so n  
d u p l ic a te  s o lu t io n s  w ere used  in  a l l  ex perim en ts, and o p t i c a l  d e n s ity  
m easurem ents made as soon a s  p o s s ib le  a f t e r  t h e i r  p re p a ra t io n .  During 
ex p erim en ts  th e  s to ck  s o lu t io n  o f s a l i c y l i c  a c id  was s to r e d  in  th e  d a rk . 
S tu d ie s  o f  th e  s h o r t- te rm  ( s e v e ra l  h o u rs )  s t a b i l i t y  o f th e se  s o lu t io n s  r e ­
v e a le d  no d r i f t  i n  t h e i r  o p t i c a l  d e n s i t i e s .  I f  th e se  p re c a u tio n s  were n o t 
ta k e n , and m easurem ents c a r r i e d  ou t on s o lu t io n s  24 hours o ld  and exposed 
to  d a y l ig h t ,  in c re a s e s  i n  th e  v a lu e  o f  o f up to  25% were o b ta in e d .
5-CHLORO- AND 5-BR0M0-SALICYLIC ACIDS
The a b so rp tio n  cu rv es  o f th e se  two a c id s  w hich i t  ap p ea rs  have n o t 
been  p r e v io u s ly  re p o r te d  were m easured as a f u n c t io n  of pH o v er th e  s p e c t r a l  
range 240 to  340 mp. The s p e c tr a  a re  rep roduced  in  F ig s ,  2 ,4  and 2 .5 , 
from  w hich i t  can  be seen  t h a t  th e y  a re  v e ry  s im i la r  to  th o se  o f s a l i c y l i c  
a c id .
In  view  o f  th e  c lo s e  s im i la r i ty  o f th e  a b so rp tio n  cu rv es  o f th e  th r e e  
a c id s  i t  i s  c l e a r  th a t  the  same c r i t e r i a  of ch o ice  o f w avelength  and ex­
p e r im e n ta l p ro ced u re  h o ld  in  each c a s e . A ccord ing ly , in  the  d e te rm in a tio n  
o f th e  f i r s t  and second d i s s o c ia t io n  c o n s ta n ts  of 3 -c h lo ro -  and 5“bromo- 
s a l i c y l i c  a c id s  e x a c tly  th e  same method was adopted  as f o r  s a l i c y l i c  a c id .  
The r e s u l t s  o f  th e  o p t i c a l  d e n s i ty  measurem ents and c a l c u la t io n s  fo r  th e se  
two a c id s  a re  i l l u s t r a t e d  in  F ig s , 2 .6 , 2 .7 ,  2 .8  and 2.9 , and g iven  in  T ab les
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2 .3 ,  2 .4 ,  2 .3 ,  and 2 .6  from  w hich i t  can be seen th a t  th e  p r e c i s io n  a t ta in e d  
h e re  i n  d e te rm in in g  th e  r e q u i s i t e  q u a n t i t i e s  i s  as good as  i n  th e  case of
« : t t
s a l i c y l i c  a c id .  As i s  to  be ex p ec ted , b o th  and f o r  th e se  a c id s  
a re  l a r g e r  th a n  th o se  o f  s a l i c y l i c  a c id . I t  w i l l  a lso  be n o ted  th a t  th e
t
v a lu e s  fo r o f th e  two a c id s  a re  somewhat low er th a n  th o se  r e p o r te d  by 
Bray, Dippy, Hughes, and Laxton[ 64] .  I t  i s  l i k e l y  th a t  t h i s  la c k  of
agreem ent i s  due, a t  l e a s t  in  p a r t ,  to  th e  r e l a t i v e  i n s t a b i l i t y  o f  th e
c h lo ro -  and brom o- d e r iv a t iv e s  w hich, in  c o n t r a s t  to  s a l i c y l i c  a c id ,  makes 
i t s e l f  a p p a re n t even i n  a c id  m edia. T e s ts  f o r  lo n g -  and s h o r t- te rm  
s t a b i l i t y  su g g e s t t h a t  s o lu t io n s  of th e  s u b s t i tu te d  ac id s  a re  l e s s  s ta b le
th a n  th o se  o f s a l i c y lc  a c id  i t s e l f ,  and th a t  of th e  th re e  th e  l e a s t  s ta b le
i s  5 ~ b ro m o -sa lic y lic  a c id .  Thus, on exposure to  d a y lig h t a s o lu t io n  o f 
3 -b ro m o -s a lic y lic  a c id  i n  w a te r  (pH ~  3 ) showed a s ig n i f i c a n t  in c re a s e  in  
th e  o p t i c a l  d e n s i ty  (l,3% ) a f t e r  on ly  f i f t e e n  h o u rs , and tu rn e d  brown a f t e r  
e ig h t  w eeks. On th e  o th e r  hand , a s o lu tio n  o f 3 - c h lo r o - s a l ic y l ic  a c id , 
under com parable c o n d i t io n s ,  aged a t  a c o n s id e ra b ly  low er r a t e  and d id  n o t 
show a  c o lo u r  change a t  th e  end o f t h i s  p e r io d .  I t  a lso  appears t h a t  
s o lu t io n s  o f th e  two a c id s  age a t  a r a t e  which i s  th e  g r e a te r  th e  h ig h e r 
th e  pH o f th e  s o lu t io n s  and th e  more in te n s e  th e  in c id e n t  l i g h t .
T hat th e  e f f e c t s  d e sc r ib e d  above a re  prom oted by th e  a c t io n  o f 
l i g h t  was d em o n stra ted  by exposing  s o lu t io n s  o f th e  two a c id s ,  i n  b o th  a c id  
and a lk a l in e  m edia, to  u .v .  r a d ia t io n .  Thus i t  was found th a t  a f t e r  one 
hour o f  i r r a d i a t i o n  s o lu t io n s  o f th e se  a c id s  in  very  a c id  media
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(0.85N HCIO^) showed no change in  e i t h e r  c o lo u r  o r  o p t i c a l  d e n s ity ,  w hereas 
in  th e  same tim e  a s o lu t io n  o f th e  5 -b ro m o -s a lic y lic  a c id  in  p u re  w a te r 
(pH 3 ) became brown, and a s o lu t io n  o f  5 - c h lo r o - s a l ic y l ic  a c id  became 
l i g h t  y e llo w . A lk a lin e  s o lu t io n s  o f  th e  two ac id s  (pH = 12 -  13) i r r a d i a ­
te d  f o r  one h o u r became p in k . F in a l ly ,  s tu d ie s  o f  s h o r t- te rm  s t a b i l i t i e s  
(over a p e r io d  o f s ix  h o u rs )  o f b o th  a c id  and a lk a l in e  s o lu t io n s  o f  th e  two 
compounds re v e a le d  no s ig n i f i c a n t  changes i n  th e  o p t i c a l  d e n s i t i e s ,  w hether 
the  s o lu t io n s  w ere s to re d  in  th e  dark  o r  n o t .
In  o rd e r  to  m inim ise th e  e f f e c t s  o f  the i n s t a b i l i t y  o f th e  two a c id s  
and to  en ab le  r e p ro d u c ib le  r e s u l t s  to  be o b ta in e d  th e  same p re c a u tio n s  were 
ta k e n  as  i n  th e  ca se  o f s a l i c y l i c  a c id .  R e s u lts  o f experim en ts  perform ed 
i n  th e  absence o f  th e s e  m easures ten d ed  to  g ive  a p p re c ia b ly  (5 -  10$) 
l a r g e r  v a lu e s  f o r  th e  f i r s t  d is s o c ia t io n  c o n s ta n ts  o f th e  two a c id s .
3-METHYL-SALICYLIC ACID
The p H -v a r ia t io n s  o f th e  a b s o rp tio n  cu rv es  o f th i s  a c id  w ere m easured 
ov er th e  range 240 -  340 mji. The a b s o rp tio n  cu rv es  a re  rep roduced  in  
F i g .2 ,1 0  from  w hich  i t  can be seen  th a t  th ey  a re  v e ry  s im ila r  to  s a l i c y l i c  
a c id  and i t s  c h lo ro -  and b ro m o -d e r iv a tiv e s . The s a l i e n t  f e a tu r e s  o f th e  
a b s o rp tio n  s p e c t r a  o f  th e  fo u r  a c id s  a re  compared in  Table 2 .7 .
P re lim in a ry  exp erim en ts  showed th a t  on ly  in  th e  pH range 13 -  14 
were th e  p H -v a r ia t io n s  o f th e  o p t i c a l  d e n s ity  o f th e  s o lu t io n s  o f ^ - c r e s o t i c  
a c id  s u f f i c i e n t l y  la .rge f o r  th e  d e te rm in a tio n  of i t s  second d is s o c ia t io n
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c o n s ta n t .  At such h ig h  io n ic  s t r e n g th s  th e  Davies a c t i v i t y  eq u a tio n [7 8 ] 
i s  no lo n g e r  a p p l ic a b le  and, co n se q u e n tly , f o r  th e  purpose o f determ in ing
t
Kg, th e  r e q u i s i t e  a c t i v i t y  c o e f f i c i e n t s  were e s tim a te d  by r e s o r t in g  to  th e  
ex tended  Debye-Hlickel eq u a tio n [ 82] in  th e  form
? -  n —
- lo g 10f z = i n  I 2/ { l  + aBI2 ) -  C l (2 .4 9 )
w h ere [8 3 ], a t  25°C, A = 0 .5092, B = 0 .3286, and where the  v a lu e  o f the  
p a ram e te r  C as w e ll as t h a t  o f th e  io n - s iz e  p a ram ete r a (e x p re sse d  in
O 1t
A ngstrom s) i s  to  be a d ju s te d  in  such a way as to  f i t  the  ex p erim en ta l d a ta .
The second d i s s o c ia t io n  c o n s ta n t o f the  a c id  i s  r e l a t e d  to  th e
' (c )co rre sp o n d in g  s to ic h io m e tr ic  d i s s o c ia t io n  c o n s ta n t Kg by th e  eq u a tio n
K2 = K2 ^ f 2 ('2 "5 0 ^
where = h[L 2 ]/[H L  ] .  P u t t in g  K1 = Kg^0 ' f ^ 2 we have f i r s t
l o g j ^  = lo g 10K* + lo g 10( f 2/ f 12) (2 .5 1 )
2
w hich upon s u b s t i t u t i n g  f o r  l 0S]_o^2/^ l   ^ ^rom e q u a tio n  (2 .4 9 )  and r e a r r a n g ­
in g ,  becomes
y 1 = log-j^K* -  2AI2/ ( l  + aBI2 ) = log-^K g + C l. (2 .5 2 )
Hence, i f  y* i s  p lo t t e d  a g a in s t  I  a s t r a i g h t  l i n e  should  be o b ta in ed  w ith
t
an i n t e r c e p t  e q u a l to  log-^K g.
For th e  p u rpose  o f d e te rm in in g  th e  q u a n t i ty  K* as a fu n c tio n  o f I ,
- 7 4 -
use was made o f e q u a tio n  ( 2 . 1 3 )* s u i ta b ly  m o d ified  by ex p re ss in g  in
term s o f K’ j th u s
l / ( D - D 1 ) = ] /D 2 -  D1 ) + K / K - ( D 2 -  D1 )[0H_] (2 .5 3 )
Hence a p l o t  o f  l / ( D  -  D-^ ) a g a in s t  l / [0 H  ] a t  c o n s ta n t io n ic  s t r e n g th  
sh o u ld  y i e l d  a  s t r a i g h t  l i n e  whose s lo p e  and in t e r c e p t  can be used  to  c a l ­
c u la te  th e  v a lu e  o f  K1 co rre sp o n d in g  to  a g iven  va lue  of I .  However, in  
o rd e r  f o r  t h i s  p ro ced u re  to  be f e a s ib l y  a knowlege o f th e  v a lu e  o f i s
r e q u ir e d .  T h is  was d e te rm in ed  by th e  method which v/as used  in  th e  case o f
»
s a l i c y l i c  a c id  and yrhich p e rm its  a s im u ltaneous d e te rm in a tio n  o f and
A cco rd in g ly , e x p e rim en ta l s o lu t io n s  of o -o re s o t ic  a c id , c o n ta in in g  s ta n d a rd  
sodium h y d ro x id e  o r  s ta n d a rd  p e rc h lo r ic  a c id , were p rep a red  whose hydrogen
mm) — ^
io n -c o n c e n tr a t io n  ran g ed  from  1 ,5  x 10 to  2 x 10 g . i o n / l .  The o p t i c a l  
d e n s i t i e s  o f  th e se  s o lu t io n s  were m easured a t  \  = 330 mp, To c a lc u la te
i
and th e  e x p e rim en ta l d a ta  were t r e a te d  in  e x a c tly  th e  same manner as 
i n  the case  o f  s a l i c y l i c  a c id .  The r e s u l t s  o f th e se  c a lc u la t io n s  are  
p re s e n te d  i n  Table 2 .8  and i l l u s t r a t e d  in  F ig .2 .11
F iv e  s e r i e s  o f  s o lu t io n s  o f o y c re s o tic  a c id  were n ex t p re p a re d  vdiich 
c o n ta in e d  v a ry in g  amounts o f s ta n d a rd  sodium h y d ro x id e , and s ta n d a rd  sodium 
p e r c h lo r a te .  The c o n c e n tra tio n  of th e  l a t t e r  was a d ju s te d  in  such a yray
t h a t  a l l  s o lu t io n s  of a g iven  s e r i e s  had the  same io n ic  s t r e n g th .  The
o p t i c a l  d e n s i t i e s  o f  th e se  s o lu t io n s  vrare m easured ag a in  a t  \  =* 330 mp.
The v a lu e s  o f K1 co rresp o n d in g  to  a g iven  v a lu e  o f I  were computed by means 
o f e q u a tio n  (2 .3 3 )  u s in g  th e  v a lu e  = 0.3753 -  0 .0031 found in  th e  f i r s t
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p a r t  o f  th e  ex p e rim e n ta l p ro c e d u re . The hyd roxy l io n -c o n c e n tra t io n s  o f 
th e  s o lu t io n s  were c a lc u la te d  by th e  method o f su c c e ss iv e  approx im ations 
w ith  th e  a id  o f e q u a tio n  (2 .4 3 ) .  The r e s u l t s  o f th e se  c a lc u la t io n s  a re  
i l l u s t r a t e d  i n  F ig . 2 .1 2  and, to g e th e r  w ith  th e  re s p e c t iv e  s ta n d a rd  d e v ia ­
t i o n s ,  a r e  shown in  T able 2 .9 .
i
In  th e  l a s t  s ta g e  o f c a lc u la t io n s  the b e s t  v a lu e  o f was found by 
c a r e f u l  f i t t i n g  o f th e  ex p e rim en ta l d a ta  in to  eq u a tio n  (2 ,5 2 ) .  For t h i s  
p u rp o se  th e  v a lu e s  o f y* co rre sp o n d in g  to  a g iv en  v a lue  o f the  io n - s iz e  
p a ram e te r  a  b u t d i f f e r e n t  v a lu e s  o f I  were f i r s t  c a lc u la te d  and hence, by 
ap p ly in g  th e  m ethod o f  l e a s t  sq u a res  to  e q u a tio n  (2 .5 2 ) ,  th e  v a lu e s  of 
and C to g e th e r  w ith  th e  r e q u i s i t e  s ta n d a rd  d e v ia t io n s  computed. A lto g e th e r  
e ig h t  s e r i e s  o f such c a l c u la t io n s ,  w ith  v a lu e s  o f  a ran g in g  from  2 to  5 i  
were c a r r i e d  o u t and f iv e  o f th e s e  a re  i l l u s t r a t e d  in  F ig .2 .1 3 . The b e s t  
f i t  was o b ta in e d  w ith  a = 3*5 A g iv in g  = (2 .5 3  -  0 , 07 ) x  10 ^  and 
C = 0 ,057  -  0 .014 .
I t  was fo u n d  t h a t ,  j u s t  as in  th e  case  o f s a l i c y l i c  a c id ,  a c id  so lu ­
t i o n s  o f o y c re s o t ic  a c id  (pH = 1 - 4 )  showed no change e i th e r  in  c o lo u r  o r 
o p t i c a l  d e n s i ty  on p ro longed  exposure to  d a y l ig h t  o r  u .v .  r a d ia t io n .
However, in  c o n t r a s t  to  s a l i c y l i c  a c id , a lk a l in e  s o lu t io n s  o f the  ac id  
(pH — 13 ) showed no s ig n i f i c a n t  in c re a s e  in  th e  o p t i c a l  d e n s i t i e s  even 
a f t e r  24 hou rs  and tu rn e d  brow n-pink  on ly  a f t e r  p ro lo n g ed  exposure ( e ig h t  
h o u rs )  to  u .v ,  r a d i a t i o n .
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5-NITRO- AND 3-NITRO-SALICYLIC ACIDS
The p H -v a r ia t io n  o f th e  a b so rp tio n  s p e c tr a  o f 5 - n i t r o - s a l i c y l i c  a c id  
a re  shown in  F i g ,2.14-. I t  can  be seen  t h a t  th e  s p e o tra  d i f f e r  m arkedly 
from  th o se  o f s a l i c y l i c  a c id  and i t s  c h lo ro - ,  brom o-, and m e th y l-d e r iv a tiv e s .  
The s p e c tr a ,  w hich  s tro n g ly  resem ble  th o se  o f  p -n it ro -p h e n o l[  8 5 ] , show two 
w e ll -d e f in e d  b an d s , one i n  th e  270 -  350 mp, r e g io n  and th e  o th e r  in  th e  
360 -  4-80 mjj. r e g io n .  In  a d d i t io n  th e  s p e c tr a  e x h ib i t  a sharp  i s o s b e s t ic
p o in t  a t  X = 335 mpi* S ta r t in g  from  zero  th e  i n t e n s i t y  o f th e  long-wave
band in c re a s e s  w ith  in c re a s in g  pH u n t i l  i t  re a c h e s  a c o n s ta n t maximum a t  
pH ~  13, when th e  a c id  i s  co m p le te ly  io n is e d .  This type o f b eh av io u r 
su g g e s ts  t h a t  a t  X s  410 mji, i . e .  a t  th e  w avelength  co rresp o n d in g  to  th e  
p eak , th e  o n ly  l ig h t - a b s o r b in g  sp e c ie s  i s  th e  doubly io n is e d  form  o f  th e  
a c id  and, c o n se q u e n tly , t h a t  a t  t h i s  w avelength  e q u a tio n  (2..14-) i s  a p p lic a b le , 
S in c e , f o r  optimum accu racy , i t  i s  d e s ira b le  to  m easure th e  o p t i c a l
2 -  /  — -1 .d e n s i t i e s  i n  a pH r e g io n  where the  r a t i o  [L ]/[H L  J i s  c lo se  to  u n i ty ,  th e
second d is s o c ia t io n  c o n s ta n t  o f  5 - n i t r o - s a l i c y l i c  a c id  was f i r s t  ro u g h ly
e s t im a te d . As t h i s  was found  to  be app ro x im ate ly  eq u a l to  t h a t  o f ca rb o n ic
a c id  th e  s o lu t io n s  employed in  t h i s  s e r ie s  o f experim en ts  were p re p a re d  by
adding  s o lu t io n s  o f  5 - n i t r o - s a l i c y l i c  a c id  to  c a rb o n a te -b ic a rb o n a te  b u f f e r
s o lu tio n s#  C orrespond ing  to  th e  v a r io u s  c a rb o n a te /b ic a rb o n a te  r a t i o s  o f
th e  b u f f e r s  th e  hyd roxy l io n -c o n c e n tra t io n  of th e  s o lu tio n s  ranged  from
0 .5  x 10~4  to  2 .2  x  10"^  g . i o n / l .  A ll s o lu t io n s  c o n ta in e d  5 - n i t r o -
-5
s a l i c y l i c  a c id  a t  th e  same t o t a l  c o n c e n tra t io n  0 = 4-#499 x 10 M,
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The hyd ro x y l io n -c o n c e n tr a t io n  o f th e  s o lu t io n  was found by app ly ing  
th e  c o n d i t io n  o f e l e c t r o n e u t r a l i t y .  S ince th e  b u f f e r s  were p re p a re d  by 
adding  a l iq u o ts  o f s ta n d a rd  p e r c h lo r ic  a c id  to  a s ta n d a rd  s o lu t io n  of 
sodium c a rb o n a te  t h i s  c o n d i tio n  can  be ex p re sse d  by th e  eq u a tio n
[Na+] + h = [OH- ] + [C10^“ ] + [HCO^” ] + 2[C032~] + [HL~] + 2[L2~] (2 .5 4 )
L et p ’ r e p r e s e n t  th e  s to ic h io m e tr ic  c o n c e n tra t io n  o f sodium c a rb o n a te , and 
q1t h a t  o f p e r c h lo r ic  a c id  in  th e  s o lu t io n :
]J = [H2C03] + [HCOj-] + [C032“ ]
and s im i la r ly
c = [H2L] + [HL- ] + [L 2 - ]
2 .5 5 )
(2 .5 6 )
In  a d d i t io n ,  s in c e  b o th  sodium c a rb o n a te  and p e rc h lo r ic  a c id  may b e  taken  
as co m p le te ly  d i s s o c ia te d ,  we have
[Na+] = 2p* (2 .5 7 )
and
(2 .5 8 )
The c o n c e n tra t io n s  o f th e  io n ic  sp e c ie s  from  carb o n ic  and 5“f t i t r o —
s a l i c y l i c  a c id s  a re  g iven  by  the  e q u a tio n s  :
[HCOj- ] = p X h f 2K1 ” ) / ( h 2f ^ f 2 + h f ^ "  + iq"K 2" ) ;
[co 32"] = pKK1 "K2" ) / ( h 2f 2f 2 + h f ^ "  + ^ Y , " ) ;
[HL- ] = c ( h f 2K^)/th2f 2f 2 + h f ^  + k | k2 )5
[ l2 - ] = c (iq K 2 ) / ( h 2f ? f 2 + h fg iq  + k [k2 );
(2 .5 9 )
- 8 4 -
where IC^  and K0 a re  th e  f i r s t  and second d i s s o c ia t io n  c o n s ta n ts  o f c a r ­
bon ic  a c id ,  and a l l  o th e r  te rm s have t h e i r  u su a l s ig n i f ic a n c e .
S u b s t i tu t in g  th e  e x p re s s io n s  in  e q u a tio n s  (2 .5 7 , ( 2 .5 8 ) ,  and (2 .5 9 ) 
in to  e q u a tio n  ( 2 .5 4 ) ,  and  making use of c o n d it io n  ( 2 .8 ) ,  we f in d  th a t  
p '=  [0H_] + q ’ + p'(K2”f | 0 H ‘ ] / ( y 2 + K2" f^ [0 H ~ n +  c j l  + J  0H ~ ]/
( v 2 + V l tO H " ] ) ]  ( 2 . 60 )
F in a l ly ,  s in c e  acco rd in g  to  e q u a tio n  (2 .1 4 )
D/D2 = K g f ^ O H " ] / ^ ^  + Kgf^OH- ] ) ,
i t  fo llo w s  th a t
p '=  [0H _ ] + q ' + p'(K2" f^ [0 H _])/(Kwf 2 + K2" f 2[0H_] )  + 0  ( l  + D/Dg) ( 2 .6 l )
and hence
[0H~] = ( l/2 K 2”f|)(fE q '+ E )K 2^  + Kwf 2 ]2+ (^ R )K ^ f i+ K /, ,] )
( 2 . 62 )
where
R = 0 ( l  + D/D ) .
The io n ic  s t r e n g th  of the  s o lu t io n  may be r e a d i ly  found to  be g iven  by 
th e  e q u a tio n
I  = 3jJ -  q1-  c -  [OH"] (2 .6 3 )
The ex p erim en ta l dataw ere  t r e a te d  by means o f e q u a tio n  (2 ,1 4 ) u s in g
th e  app ro x im atio n  p ro ced u re  a lre a d y  d e s c r ib e d . The r e s u l t s  o f th e se  com-
u
p u ta t io n s  in  w hich th e  v a lu e  o f was ta k e n  to  be[ 86] equal to
-85-
-11
4 .6 9  x 10 , a re  shown i n  T able 2 .10 and F i g ,2 .1 5 .
The a b s o rp tio n  cu rves o f 3 - n i t r o - s a l i c y l i c  a c id  were m easured as a 
fu n c t io n  o f  pH in  th e  re g io n  270 -  500 mp. The r e s u l t  s o f th e se  m easure­
m ents a re  p re s e n te d  in  F i g .2 . l 6 .  Comparison of th e se  s p e c tr a  w ith  those 
o f  th e  5 ~ n i t r o - d e r iv a t iv e  shows t h a t  th e  d isp lacem en t o f  th e  n it ro -g ro u p  
from  p o s i t io n  5 to  p o s i t io n  3 in  th e  benzene r in g  has th e  e f f e c t  o f de­
c re a s in g  th e  i n t e n s i t y  o f  th e  a b so rp tio n  bands and o f  s h i f t in g  th e se  tow ards 
lo n g e r  w av e len g th s . I t  w i l l  be a ls o  n o ted  th a t  beyond \  = 460 mp s o lu tio n s
o f th e  3 - n i t r o - s a l i c y l i c  a c id  do n o t absorb  u n le ss  t h e i r  pH >  4 .3 .  S ince
_2
th e  f i r s t  d i s s o c ia t io n  c o n s ta n t  o f t h i s  a c id  [64 ] i s  o f th e  o rd e r  o f 10
i t  i s  c l e a r  t h a t  a t  X > 460 mp th e  on ly  l i g h t  abso rb ing  sp e c ie s  i s  the
doubly ch arg ed  an ion  and, c o n seq u en tly , t h a t  in  t h i s  re g io n  e x a c tly  th e
same p ro ced u re  i s  a p p lic a b le  as t h a t  used  in  th e  d e te rm in a tio n  o f th e
second d i s s o c ia t io n  c o n s ta n t  o f  the  5 - n i t r o - s a l i c y l i c  a c id .  The second
d i s s o c ia t io n  c o n s ta n t  o f  th e  3 - n i t r o - s a l i c y l i c  a c id  was f i r s t  ro u g h ly
e s t im a te d  and was found  to  be ap p ro x im ate ly  eq u a l to  t h a t  o f ca rb o n ic  a c id .
A cco rd in g ly , the  ex p e rim e n ta l s o lu t io n s  o f th e  3 - n i t r o - s a l i c y l i c  a c id
were made up w ith  HC10,/Na_C0_ b u f f e r s  and th e i r  o p t i c a l  d e n s i t ie s4  2 5
m easured a t  X =• 470 mp. The e x p e rim en ta l d a t a  were t r e a te d  in  th e  same 
manner as th o se  o f 5 - n i t r o - s a l i c y l i c  a c id .  The r e s u l t s  o f th e se  c a l ­
c u la t io n s  a re  g iv e n  i n  T able 2 .11  and shown in  F i g .2 .1 7 . As i s  to  be 
ex p ec ted  th e  second d i s s o c ia t io n  c o n s ta n t of b o th  n i t r o - s a l i c y l i c  a c id s
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a re  found to  be c o n s id e ra b ly  l a r g e r  th a n  f o r  s a l i c y l i c  a c id  o r  i t s  
ha logen  d e r i v a t i v e s .
In  c o n t r a s t  to  s a l i c y l i c  a c id  and th e  m e th y l-  and ha lo g en -  
s u b s t i t u t e d  a c id s  i t  was found t h a t  s o lu t io n s  o f  b o th  3 - n i t r o -  and 5“ 
n i t r o - s a l i c y l i c  a c id s ,  i r r e s p e c t i v e  of th e  pH o f  th e  s o lu t io n ,  showed 
no changes  e i t h e r  i n  co lo u r  o r  o p t i c a l  d e n s i ty  on exposure to  d a y l ig h t  
o r  u .v .  r a d i a t i o n .
-92-
S E C T I O N  I I I
THE SPECTROPHOTOMETRIC DETERMINATION OF THE STABILITY
CONSTANTS OF COMPLEXES OF THE FERRIC ION WITH SOME
SUBSTITUTED SALICYLIC ACIDS
-93-
Many methods a r e  a v a i l a b l e  f o r  th e  d e te rm in a t io n  of th e  s t a b i l i t y  
c o n s ta n t s  o f  com plexes. S ince  th e  f e r r i c  io n  forms s t r o n g ly  co lou red  
complexes w ith  th e  s a l i c y l i c  a c id s  under i n v e s t i g a t i o n ,  a sp e c tro p h o to m e tr ic  
method appea red  to  be most s u i t a b l e  f o r  d e te rm in in g  t h e i r  s t a b i l i t y  c o n s ta n t s .  
The e x p e r im e n ta l  d a ta  d e r iv e d  from sp e c tro p h o to m e tr ic  measurements can be 
used  n o t  on ly  to  de te rm ine  th e  e q u i l ib r iu m  c o n c e n t r a t io n s  o f  th e  complexes 
i n  th e  ex p e r im e n ta l  s o lu t i o n s  b u t  a l s o ,  a s  w i l l  be shown l a t e r ,  to  compute 
th e  hydrogen io n  -  c o n c e n t r a t i o n  o f  th e s e  s t l u t i o n s  w ith  c o n s id e ra b le  accu racy .
There a r e  t h r e e  main methods o f  ap p ly in g  s p e c tro p h o to m e tr ic  measure­
ments to  th e  s tu d y  o f  complex fo rm a t io n :
(1) The m olar r a t i o  m ethod[87]. This c o n s i s t s  i n  p l o t t i n g  th e  o p t i c a l  
d e n s i t y  D o f  th e  ex p e r im e n ta l  s o lu t i o n s  v e rsu s  th e  r a t i o  o f  th e  t o t a l  con­
c e n t r a t i o n  o f  th e  l ig a n d  [ l ]^  to  th e  t o t a l  c o n c e n t r a t io n  o f  th e  m etal
[M] , i . e .  [L] / [M ]t . I f  complex fo rm a t io n  ta k e s  p la c e  th e  curve shows 
s h a rp  b reak s  and th e  v a lu e  o f  th e  a b s c i s s a e  a t  which th e se  b reaks  occur 
g iv e  th e  com posi tion  o f  th e  r e s p e c t iv e  complexes.
( 2 ) The method o f  co r re sp o n d in g  s o l u t i o n ^ 8 8 ] .  Here th e  r a t i o  o f  th e  
o p t i c a l  d e n s i t y  D o f  th e  e x p e r im en ta l  s o lu t i o n s  to  th e  t o t a l  c o n c e n t ra t io n  
o f  th e  m e ta l  [m]^» i . e .  D/[m]^, i s  p l o t t e d  a g a in s t  th e  t o t a l  c o n c e n t ra t io n  
o f  th e  l ig a n d  [ l ] ,  a t  c o n s ta n t  t o t a l  c o n c e n t r a t io n  o f  th e  metal* I f  
o n ly  complexes o f  th e  type ML (n  = 1*2,3  • • • )  a r e  formed, s o lu t io n s  
c h a r a c t e r i s e d  by th e  same v a lu e  o f  D/[m]^ and c a l l e d  co rre sp o n d in g  s o lu ­
t i o n s  have a l s o  th e  same v a lu e  o f  th e  fo rm a t io n  f u n c t io n  n.
-94-
( 3 ) The method o f  co n t in u o u s  v a r i a t i o n  which, a l th o u g h  f i r s t  fo rm u la ted  
by Denison [ 89 ] ,  i s  u s u a l l y  a s c r ib e d  to  J o b [ 2 9 ] .  The l i m i t a t i o n s  and 
w eaknesses o f  th e  l a t t e r  have been d is c u s s e d  by a  number o f  w orkers ,  
n o ta b ly  by Woldbye[90], J o n e s [9 1 * 9 2 ] ,  and r e c e n t ly  by R o s s o t t i  and 
R o s s o t t i [ 9 3 ] , The method c o n s i s t s  i n  m easuring an a d d i t iv e  p h y s ic a l  
p ro p e r ty  of s o lu t i o n s  o b ta in e d  by mixing equim olar s o lu t i o n s  o f  two r e a c t a n t s  
M and L i n  v a ry in g  p r o p o r t i o n s .  V arious  p r o p e r t i e s  have been u t l i z e d  f o r  
t h i s  purpose  but th e  o p t i c a l  d e n s i ty  appea rs  to  be by f a r  the  most s a t i s ­
f a c t o r y ,  Job[29] has  shown t h a t  th e  method a f f o r d s  a  s im ple  means o f  
d e te rm in in g  th e  com posi tion  o f  a complex i n  cases  i n  which the  r e a c t a n t s  
M and L form on ly  one complex. An e x te n s io n  o f  J o b ’s method to  system s in  
which two o r  more complexes a r e  formed has been su g g es ted  by Vosburgh and 
Cooper[94] b u t  a more g e n e ra l  t r e a tm e n t  has been g iven  by K a tz in  and 
G ebert[95]»  however, b o th  o f  th e s e  ex tended  t r e a tm e n ts  a re  o f  v e ry  l im i t e d  
a p p l i c a b i l i t y .
A number o f  methods [ 29* 94* 95* 96, 97, 98, 99] have been developed 
f o r  th e  d e te rm in a t io n  o f  th e  s t a b i l i t y  c o n s ta n ts  o f  complex compounds from 
d a ta  o b ta in e d  i n  co n t in u o u s  v a r i a t i o n  s t u d i e s .  Most o f  th e se  methods, 
however, app ly  to  system s i n  which on ly  one complex i s  formed, and make 
no a l low ance  f o r  th e  occu rren ce  o f  o th e r  e q u i l i b r i a  i n  th e  system . S ince 
a f u r t h e r  o b je c t  o f  t h i s  work was to  examine th e  p o s s i b i l i t y  o f  app ly in g  
th e  con t inuous  v a r i a t i o n  curves  d i r e c t l y  to  th e  e v a lu a t io n  o f  s t a b i l i t y  
c o n s ta n t s ,  th e  t h e o r e t i c a l  p r i n c i p l e s  u n d e r ly in g  the  s p e c tro p h o to m e tr ic
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a p p l i c a t i o n  o f  J o b 's  method have been s tu d ie d .  I t  w i l l  be shown t h a t  i n  
some c a se s  i t  i s  p o s s ib le  to  u t i l i z e  th e  con tinuous  v a r i a t i o n  d a ta  d i r e c t l y  
to  th e  d e te rm in a t io n  o f  s t a b i l i t y  c o n s ta n t s  even when two o r  more complexes 
a r e  p r e s e n t  i n  th e  system .
THEORETICAL
C onsider  a system  i n  which s te p w ise  fo rm a t io n  o f  n mononuclear
z+ y—complexes ta k e s  p la c e  between th e  m e ta l io n  M and th e  l i g a t i n g  agen t L*7 ,
th e  l a t t e r  b e in g  d e r iv e d  from the  weak a c id  H L, Assuming t h a t  under th e
y
g iv e n  e x p e r im e n ta l  c o n d i t io n s  th e  h y d ro ly s i s  o f  th e  m e ta l io n  can be ig no red  
( i t  w i l l  be shown l a t e r  t h a t  i n  ca se s  where h y d ro ly s i s  o f  th e  m e ta l io n  i s  
s i g n i f i c a n t  a p p r o p r ia t e  c o r r e c t io n s  can be r e a d i l y  in t ro d u c e d ) ,  on ly  two 
ty p e s  o f  e q u i l ib r iu m  need to  be c o n s id e re d ,  v iz :
( i )  ML2” ! 1” 1 ^y + Ly” ML?“ lyi —1 i  *
( I I )  H. L(y+ "  + H+ ^  H. L( y - 3 ) "  .
The i -  t h  s te p  s t a b i l i t y  c o n s ta n t  o f  th e  m e ta l - l ig a n d  complex
(h )ML. and th e  j -  t h  s t a b i l i t y  c o n s ta n t  K. o f  th e  p ro to n - l ig a n d  complex 
ELL a r e  d e f in e d  by th e  e q u a t io n s
= [ r a ^ ]  P j / L m l ^ H l ]  ( 3 . 1 )
= [ h . l ]  p V ^ A [ h . _ . l ]  ( 3 . 2 )
where
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Pi  f ML. / f ML. 1 and P/   ^ "  f H . l / f H. . A  1 
i  i-1  0 0 0-1
a r e  th e  q u o t i e n t s  o f  th e  a c t i v i t y  c o e f f i c i e n t s  o f  th e  r e s p e c t iv e  io n s  and
h = [H+] .  I n  a l l  th e  above e q u a t io n s  e l e c t r i c  charges  have been om itted
f o r  th e  sake o f  c l a r i t y *
(h )The s t e p  s t a b i l i t y  c o n s ta n t s  K. and K. a re  r e l a t e d  to  th e  o v e r a l l
^ 0
s t a b i l i t y  c o n s ta n t s  p . and a . by th e  e x p re s s io n s
^ 0
p. = ' f f  K. = [ML ]q. / [ mJEl ] 1 , ( 3 .4 )x x x
a = T j  K (H) = [H L]q (HV [ L ] h J (3 .5 )
0 1 , 3 0 0
where
*1 = ' m l / V l 1 ! h i E)  = f H.L/ f Lf Hj  * ^ * 6)
1 0
Let [M] and [ l ]^  be th e  t o t a l  c o n c e n t ra t io n s  o f  m eta l and l ig a n d ,  
r e s p e c t i v e l y ,  i n  th e  system , th e n
[M]t  = [M] + X  [MLi ] , ( 3 .7 )
[ l ] t  = [L] + + • ( 3 ,8 )
For a system  made up by m ixing 1-x volumes o f  an m- molar s o lu t i o n  
o f  M w ith  x volumes of an equim olar s o l u t i o n  o f  th e  complexing agen t we 
have
[M] = ( l -x )m ,  and [ l ]^  = x m . (3 .9 )
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Subs t i  t u t  in g  th e s e  v a lu e s  in t o  (3 .7 )  and (3 .8 )  and r e a r r a n g in g  we f in d
[m] = ( l -x )m  -  £ [ l l L ]  > (3 .10 )
n
[L] = (xm -  ^  i  [ mL ^ J s (3 .11 )
where
>L . / x
s  =  L 1 +  ^ ( “ . h V v  ) J “ 1  ( 5 . 1 2 )
. J  J
Hence, i n  view o f  ( 3 .4 )  and ( 3 .5 ) ,  i t  fo l lo w s  t h a t
[ m l . ]  = ( 3^ )  s X{.( l-x )m -  X  [ML±]j  (xm- h i t M ^ ] ) 1 (3 .1 5 )
and
[h  l ] = [ h d s  (a / q  (H^)] (xm -  £ i [ M L . ] )  ( 3 .1 4 )
0 u 0 0 4 \ -
D i f f e r e n t i a t i o n  o f  [M!u ] w ith  r e s p e c t  to  x a t  c o n s ta n t  h and c o n s ta n t
io n i c  s t r e n g t h  y i e ld s
d[ML, 1 p. . /  n .0 !J . j
— —  = SX( i[* (1- x ) m - ^  ^  i  d[MLi ] ) (xm- )
1 1 s r -
n  n  .
-  (m + Id [M L .] ) (x m -  l i L l I L . ] ) 1 \
dx
from which i t  can  be seen  t h a t  a t  x = o, d[M In]/dx = o f o r  a l l  v a lu e s  o f
i  excep t when i  = 1• For th e  l a t t e r  case  we f in d
(d[M L]/dx)x=o = (P1/ q 1 )m2 s / [v (P 1/q1 )ms ] ,  (3 .16 )
s in c e
j ^
Z  ( d [ MLi ] / dx )x=0 = U M / dx ) x=0-
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when x = 1 we have
(d[M L^]/dx)^ = 1 = sm) 1 Cm + 1  U t M L ^ / d x ^  = ^  (3 .1 7 )
and hence
n n
£  (d[MLi ] / d x ) x = 1 = - £ m  + £. ( d ^ L ^ / d x ^  = ^  (Pi / q ±)(  sm) 1 (3 .1 8 )
o r
.Q n • 1
m + ^ (d [M L ±] / d x ) x = 1 = m[l + L ( p . / q . ) (  sm ) 1] ' 1 (3 .1 9 )
and f i n a l l y
(d[MLt ] / d x ) x = 1 = -  ( P ^ q ^ s 1 ml + 1[ 1 + ^ ( P i A i ^m1 '^"1 (3*2°)
z+ v -L e t he th e  m olar e x t i n c t i o n  c o e f f i c i e n t  o f  M and £ t h a t  o f  1/ , and
(h )l e t  £. and £ .  1 be th e  e x t i n c t i o n  c o e f f i c i e n t s  o f  ML. and H.L r e s p e c t iv e l y ;i  0 ■ l  J
th e n ,  from th e  Lam bert-Beer law, f o r  c e l l s  o f  one cm. p a th - l e n g th ,  we have
D -  £ H[M] + £ L[L] + f  t j H L j  + X . £ / H) [H.L] , (3 .2 1 )
where D i s  th e  m easured o p t i c a l  d e n s i ty  o f  a s o lu t i o n  c o n ta in in g  bo th
m e ta l  and l i g a n d .  S u b s t i t u t i n g  f o r  [m], [ l ] ,  and [H .l ] from ( 3 .1 0 ) ,  ( 3 .1 1 ) ,
0
and ( 3 . 14) ,  and r e a r r a n g in g  i t  fo l lo w s  t h a t
D = £ M (1 -  x)m + xm[ t L + i  ( a ^ / q ^ b h ^ s  +i<pi [ML.] (3 .2 2 )
where
P i  -  ^  + f t (H )(aA (H))hd]s (3 - 23)
In  th e  absence o f  complex fo rm a t io n  eqn#. (3 .2 1 )  s i m p l i f i e s  to
Kf
D = £„(1  -  x)m + xm[l + X £ , (H )(a / q  (HV ]s (3 .24 )
O H  ii \ J  J  J
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I t  can be seen from eqn ,  (3 .2 4 )  t h a t  Dq i s  equa l  to  th e  sum of th e  o p t i c a l  
d e n s i t i e s  o f  a s o l u t i o n  of M of c o n c e n t r a t io n  (1 -  x)m and o f  a s o lu t i o n  of 
H L  o f  c o n c e n t r a t i o n  xm (b o th  s o lu t i o n s  hav ing  th e  same hydrogen io n  -  con- 
c e n t r a t i o n  and io n i c  s t r e n g t h  as  th e  co rre sp o n d in g  m ix tu re  o f  th e  tw o) ,  
can th u s  be de te rm ined  e x p e r im e n ta l ly .
S u b t r a c t in g  (3 .2 4 )  from (3 .2 2 )  we g e t
P
& D  = D -  Do = t ( p ± [ m ^ ]  , (3 .25 )
and hence
I)
d A D / d x  = X 11 d[M L.]/dx , (3 .2 6 ) ^ < l  i
a t  c o n s ta n t  hydrogen io n - c o n c e n t r a t io n ,  c o n s ta n t  io n i c  s t r e n g t h ,  and c o n s ta n t  
w ave leng th .
F i n a l l y ,  making use  o f  e q n s . . (3*16) and ( 3 .2 0 ) ,  we f in d
1 d  D  *  ( P 1 A - |  ) m  S2
I dx j x = o “  1 + (P1/ q 1 ) ^ • 27)
and
i +
I t  fo l lo w s  th e r e f o r e  t h a t  under c o n d i t io n s  o f  c o n s ta n t  hydrogen io n -c o n -  
c e n t r a t i o n ,  c o n s ta n t  io n i c  s t r e n g t h ,  and c o n s ta n t  w avelength  th e  s lo p e  o f  
th e  co n t in u o u s  v a r i a t i o n  curve a t  x = o depends so lely  on th e  p r o p e r t i e s  o f  
th e  complex ML, This i s  i n  c o n t r a s t  to  th e  s lo p e  a t  x = 1, th e  magnitude 
o f  which i s  de te rm ined  by th e  p r o p e r t i e s  o f  a l l  m e ta l complexes p r e s e n t
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i n  th e  system . I t  w i l l  a l s o  be n o ted  t h a t  i f  o p t i c a l  d e n s i ty  measurements 
a r e  made a t  a  w aveleng th  a t  which on ly  th e  m e ta l io n  and th e  m e ta l complexes 
a b so rb  e q n . . (3 .2 3 )  s i m p l i f i e s  to
<Pi = -  f „  • ( 5 *29)
i , e ,  (Tp^  i s  th e n  a f u n c t io n  o f  th e  w avelength  a lo n e .  Under th e se  c o n d i t io n s  
b o th  (3 .2 7 )  and (3 .2 8 )  can  be used  to  de te rm ine  the  s u c c e s s iv e  s t a b i l i t y
c o n s ta n t s  o f  th e  m e ta l - l ig a n d  com plexes. This can be done by c o n s t r u c t in g
a s u i t a b l e  number o f  con t inuous  v a r i a t i o n  c u rv e s ,  a t  c o n s ta n t  h ,  c o n s t a n t ^ ,  
and c o n s ta n t  io n i c  s t r e n g t h ,  b u t  co rre sp o n d in g  t o  d i f f e r e n t  v a lu e s  o f  m.
By m easuring  th e  s lo p e s  o f  th e se  cu rves  a t  x = 0 and x = 1 , and making use  o f  
e q n s ,  (3 .2 7 )  and ( 3 .2 8 ) ,  a system o f  s im u ltaneous  e q u a t io n s  i s  o b ta in e d  which 
can  be so lv e d  f o r  th e  q u a n t i t i e s  and f3 .^ A s u c c e s s f u l  a p p l i c a t i o n  o f  
t h i s  p ro ced u re  c l e a r l y  r e q u i r e s  th e  use  o f  s u i t a b l e  b u f f e r s ;  i . e .  b u f f e r s  
which do n o t  th em se lves  form complexes w ith  th e  m e ta l io n s .
I f  on ly  one complex i s  p r e s e n t ,  say  ML , th e n  eqn, (3 .2 5 )  becomes
A D  = (D [ m  ] ( 3 . 3 0 )
T  n u n
S u b s t i t u t i n g  f o r  [ML ] from (3 .1 3 )  and remembering t h a t  i n  th e  p re s e n t
case  8 = K , we g e tn n 7
A D  = ^  (Kn/ q n ) s n [ d - x ) m  - A D / p J U m  -  n £ D / p n )n (3 .3 1 )
By d i f f e r e n t i a t i n g  (3 .3 1 )  w ith  r e s p e c t  to  x ,  and e q u a t in g  th e  r e s u l t  
to  z e ro ,  i t  can be shown t h a t ,  depending on th e  r e l a t i v e  v a lu e s  o f  and C^,
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th e  co n t in u o u s  v a r i a t i o n  curve w i l l  e x h i b i t  e i t h e r  a maximum o r  a minimum.
The p o s i t i o n  o f  th e s e  i s  d e f in e d  by th e  e q u a t io n [2 9 ]
x = n /n  + 1 ( 3«32)max. '  /
and i s  th u s  independen t o f  th e  hydrogen ic n - c o n c e n t r a t io n  as  w e l l  as  of 
th e  w aveleng th  u s e d .  C onversely , i f  th e  p o s i t i o n  o f  th e  maximum (o r  m in i­
mum) v a r i e s  w i th  the  w avelength  th e  c o n c lu s io n  must be drawn t h a t  two o r  
more complexes a r e  p r e s e n t  i n  th e  system . I f  on ly  one complex i s  p r e s e n t  
e q u a t io n  ( 3*32 ) can  be employed to  de te rm ine  i t s  com position .
Upon s u b s t i t u t i n g  f o r  x from (3 .3 2 )  i n t o  (3 .3 1 )  i t  fo l lo w s  t h a t
( K \ n+1
A d  -  n11 - a  ] <P S n  ( r i -  -  A £sax.> ( 3 . 53)max. \ q I »n \  1+n a /un fn
and th e r e f o r e
A d l / ( n + 1 )  / n \  {£ V / ( n + l )  /  K iin  \ 1//n+1 * -
max. \ m n  j _j 1, A D max.
in j 1+n \  qn *' \ +n
V I n  ^n '' ( 3 .3 4 )
At a w aveleng th  a t  which th e  l ig a n d  does no t absorb  (J)  ^ i s  indepen­
d en t o f  h and hence a p l o t  o f  (A,D / s n ) ^ A n+A  a g a in s t  AD _ shouldr  max. max.
g iv e  a s t r a i g h t  l i n e  whose s lo p e  and i n t e r c e p t  can be used  to  e v a lu a te
K and T) . n i n
F i n a l l y ,  when n = 1 eqn, ( 3 . 3 1 ) s i m p l i f i e s  to  
A d = K, (ip, / q 1 )s [ (1 -x )m  -  A D / ^ K x m  -  A d/ s^  ) ( 3 .3 5 )
which on rea rrangem en t becomes 
A.D = m-bj [ 1 + q1 /  (K^ms)] -  (m £ ^ ) 2 ( l - x ) x /  A d . ( 3 .3 6 )
Hence i f  A D  i s  p l o t t e d  a g a i n s t  ( l - x ) x / A  D a s t r a i g h t  l i n e  should  be
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o b ta in e d .  The v a lu e  of and can be found by m easuring th e  s lo p e
and i n t e r c e p t  o f  t h i s  l i n e .
The fo l lo w in g  g iv e s  an accoun t o f  th e  a p p l i c a t i o n  o f  th e  procedure  
based  upon eq n s ,  (3 .3 4 )  and (3 .3 6 )  to  th e  s tu d y  o f  th e  complexes o f  th e  
f e r r i c  io n  w ith  some s u b s t i t u t e d  s a l i c y l i c  a c id s  i n  aqueous s o lu t i o n ,
RESULTS AND DISCUSSION
DETERMINATION OF THE STABILITY CONSTANT 
OF FERRIC SALICYLATE
As has  a l r e a d y  been mentioned th e  i r o n  ( l l l ) / s a l y c l i c  a c id  system
has been s tu d ie d  by a number o f  w o r k e r s [ l6 ,2 7 ,3 4 ,3 6 ,3 8 ,4 0 ,4 1 ,4 2 ,4 3 ]  who
found t h a t  i n  a c id  media th e  f e r r i c  io n  combines w ith  s a l i c y l i c  a c id  to
+
form th e  c h e l a t e  .0-------- Fe
/  i
0 , H /  16 4 \  |
"c — 0
li
0
The r e s u l t s  o f  t h e i r  i n v e s t i g a t i o n s  on th e  s t a b i l i t y  o f  t h i s  complex a re  
summarised i n  Table 3 .1 .  The q u a n t i t i e s  X and K a re  d e f in e d  by th e  
e q u a t io n s  •
X = [PeL+] h / [ P e 3+][HL- ] (3 .37 )
K = [PeL+] / [ P e 3+] [L 2“ ] (3 .3 8 )
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R ef, Method Temp.°C Io n ic  (mp) Molar X K
S t r e n g th  e x t i n c t i o n
c o e f f ,
27 Spc, -  -  530 2 .5  x 1016
34 " 15 0 525 1630 2 .2 4  x  1016
36 " 25 3 .0  530 1360 500
38 P t c ,  25 3 .0  -  -  470
40 Spc. 18 0 .25  532 -  320
h i  " 18 0 .2 5  530 1490 1200
1 6  ” -  -  2 .67  x 1016
42 P t c .  20 0 .15  -  -  2 ,2 4  x K T
43 " 25 0.10  -  820
P re s e n t  Spc. 25 0 530 1619 2 ,73 x 10"^
work
Spc. =• S p ec tro p h o to m e tr ic P tc .  = P o te n t io m e tr ic
-104-
2- X °where L = Cr H.6 4 \
'COO"
I t  can be seen  t h a t  th e  v a lu e s  f o r  X and K have been o b ta in e d  under v e ry  
d i f f e r e n t  c o n d i t io n s  o f  io n i c  s t r e n g t h  and te m p era tu re  and a re  th u s  n o t  
s t r i c t l y  com parable . For t h i s  r ea so n  i t  appeared  w orthw hile  to  re-exam ine 
t h i s  system  u s in g  th e  e x p e r im en ta l  p ro ced u res  d e sc r ib e d  i n  th e  fo reg o in g  
p a r t  o f  t h i s  s e c t i o n .
At th e  t o t a l  c o n c e n t r a t i o n  o f  Fe ( i l l )  and in  th e  pH -  range ( 2 “ 2 .8 )  
employed i n  t h i s  work th e  c o n c e n t r a t i o n  o f  Fe(0H)2+[l00 ,101  ] and o f  th e  dimer 
Fe2 (0H)24+[ 100 ,101 ,102 ,103 ]  a r e  n e g l i g i b l e .  However, under th e  same e x p e r i ­
m enta l c o n d i t io n s ,  th e  e x t e n t  o f  th e  f i r s t  s ta g e  o f  h y d ro ly s is  o f  th e  f e r r i c
2+
io n  i s  q u i t e  a p p re c ia b le  [1 0 2 ,1 0 3 ,1 04]j hence th e  s p e c ie s  Fe(0H) must be 
a l low ed  f o r ,  and even th e  p o s s ib le  e x i s t e n c e  o f  some Fe(0H)L a l s o  c o n s id e re d .  
F i n a l l y ,  s in c e  the  e x p e r im e n ta l  s o lu t i o n s  co n ta in e d  th e  C10^ -  io n  i t  i s  
im p o r ta n t  to  c o n s id e r  th e  e x t e n t  to  which th i s  io n  complexes w i th  th e  f e r r i c  
io n .  S u t to n [ l0 5 ]  has measured th e  a b s o rp t io n  s p e c t r a  o f  f e r r i c  p e r c h lo r a te  
i n  1 -  7 M p e r c h l o r i c  a c id  and r e p o r te d  th e  e x i s te n c e  o f  th e  complex io n  
F e C 1 0 ^ + , w ith  an  a s s o c i a t i o n  c o n s ta n t  of 0 .475 + 0 .0 7 5 .  S y k e s [ l06 ,107], 
from an a n a l y s i s  o f  th e  e x p e r im en ta l  d a ta  o f  Olson and Simonson[l08] on th e  
h y d r o ly s i s  o f  Fe(C10^)^, e s t im a te d  t h i s  c o n s ta n t  a t  7 -  1 4 .9 .  Although 
o th e r  i n v e s t i g a t o r s [ 11 ,109 ,110 ,111]  were unab le  to  f in d  any experim en ta l  
i n d i c a t i o n  o f  t h i s  io n  p a i r  th e  work o f  Sykes appears  to  p rov ide  s t r o n g  
p resum ptive  ev idence  f o r  i t s  e x i s t e n c e .  The p o s s ib le  e x i s t e n c e  o f  t h i s
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io n  p a i r  was a l s o  i n v e s t i g a t e d  i n  th e  p r e s e n t  work s p e c t ro p h o to m e t r ic a l ly  
( s e e  S e c t io n  IV) hu t u n f o r tu n a t e ly  no c o n c lu s iv e  r e s u l t s  were o b ta in e d .  
Because o f  th e  g r e a t  u n c e r t a i n t y  r e g a rd in g  th e  v a lu e  o f  th e  a s s o c i a t i o n  
c o n s ta n t  o f  t h i s  e n t i t y  i t  was dec ided  to  d i s r e g a r d  i t .  The fo l lo w in g  
e q u i l i b r i a  have th u s  to  be ta k e n  i n t o  accoun t:
F e ^  + L2"  FeL+
Fe(0H)2+ + L2"  ^  Fe(0H)L
Fe3+ + H20 ^  Fe(0H)+ + H+
H2L ^  HL" + H+
L2" + H+
The r e s p e c t iv e  e q u i l ib r iu m  c o n s ta n t s  a r e  d e f in e d  by th e  e x p re s s io n s
K, = [FeL +lfyE Pe^tL 2" ] ^
K2 = [ l ’e(OH)L]/[Pe(OH)2+][L 2_] f 22
= [Pe(0H )2+]h  | (3 .3 9 )
K] = [HL_]h  f ^ / t l g L ]  J
K2 = [L2_]h  f 2/[HL] - '
where and K2 r e p r e s e n t  th e  r e s p e c t iv e  s t a b i l i t y  c o n s ta n t s  o f  th e  two 
com plexes, f ^ , f 2 , and f^  th e  a c t i v i t y  c o e f f i c i e n t s  o f  th e  s in g ly ,  doubly , 
and t r i p l y  charged  io n s  r e s p e c t i v e l y ,  and a l l  o th e r  term s have t h e i r  u s u a l  
s i g n i f i c a n c e .
For a s o l u t i o n  made up by mixing 1-x  volumes o f  an m- molar 
s o l u t i o n  o f  f e r r i c  p e r c h l o r a t e  and x volumes o f  an equ im olar  s o lu t i o n  o f  
s a l i c y l i c  a c id  we have:
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( l -x )m  = [F e5+] + [Fe(0H)+] + c + ^  
x m = [ h^l ] + [HL“ ] + [ l2“ ] + c + c2 
where = [FeL+] and = [Fe(0H)L]
Hence, making u se  o f  eqns . (3 .3 9 )  we o b ta in  f i r s t
[F e 5+] = h f ^ R l - x J m  -  U e ^ / ^ f ^  + h f ^ ) ,
[Fe(0H)L] = K^f^C 0  -x)m -  I A k^  + h f ^ J j
[L2" ]  = K» K£ (xm -  TJc^ A k * K' + hK»f2 + h2^ 2^ ) ,
[HL“ ] = hK’f 2 (xm -  U c^AKjK* + h K ^  + h2^ 2^ ) ,
[H2L] = h2f 12f 2 (xm -  Hc^ A k ’K^ + hK*f2 + h2^ 2^ ) ,  
and f i n a l l y
0! = K .,v [( l- :0m  -  0 0 ^  ( x m - U o ^ ,
°2 = <=i (U -  ' ) .
The q u a n t i t i e s  U and V i n  th e  above eq u a t io n s  a re  d e f in e d  by 
t l = l  + K h K2/ h K 1, (3 .4 9 )
V = h f 22f 3 + h f 1f 2 )(KjK^ + hKj f 2 + h2^ 2^ ) .  (3 .5 0 )
S in ce  over  th e  pH ran g e  employed i n  t h i s  work h K7, eqn. (3 .5 0 )  s i m p l i f i e s  
to
V = + h f ^ K K j  + h f ^ .  (3 .5 1 )
Let D be th e  o p t i c a l  d e n s i ty  o f  a  m ix tu re ,  th e n ,  from th e  Lambert- 
Beer Law, f o r  c e l l s  o f  one cm. p a t h - l e n g th  we have
33 = h'e^Pe  ^ + £FeOH^Fe O^H^   ^ + S l2L^ H2L  ^ + + + ^1°1 + ^2°2
(3 .52 )
( 3 .4 0 )
( 3 .4 1 )
( 3 .4 2 )
(3 .4 3 )
( 3 .4 4 )
( 3 .4 5 )
( 3 .4 6 )
( 3 .4 7 )
( 3 .4 8 )
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where i p e i s  th e  m olar e x t i n c t i o n  c o e f f i c i e n t  o f  Fe^+ , and Sj, t h a t  of
2 j
Fe(OH) ; ^  and £2 a re  th e  r e s p e c t iv e  e x t i n c t i o n  c o e f f i c i e n t s  of FeL+
and Fe(0H)L. Upon c a r r y in g  ou t th e  r e q u i s i t e  s u b s t i t u t i o n s  and r e a r r a n g e ­
ments i t  fo l lo w s  t h a t
D = ( l -x )m  y + xmy' + c 1 + (U—1 ) €2 -  U(y+y’ ) L  (3 .53 )
where th e  q u a n t i t i e s  y and y T a re  d e f in e d  by
V = (h + + V 5} ( 3 ' 54)
and
y> = (h 2f , 2f 2t  + + K jK 't j^ K jK ^  + hK^fg + h2f t 2f 2 ) .  (3 .55 )
As seen  from eqn. (3*53),  y can be o b ta in e d  by m easuring  th e  o p t i c a l  d e n s i ty  
o f  a s o l u t i o n  o f  f e r r i c  p e r c h l o r a t e  o f  c o n c e n t r a t io n  ( l-x )m  and y* can be 
o b ta in e d  by m easuring  th e  o p t i c a l  d e n s i ty  o f  a s o lu t i o n  of s a l i c y l i c  a c id  
o f  c o n c e n t r a t i o n  xm.
I f  th e  o p t i c a l  d e n s i t y  i s  measured a t  a w avelength  where sa l icy l ic  
a c id  does no t abso rb  eqn. (3 .5 3 )  s i m p l i f i e s  to
D = (1- x )my + Cl [ £ 1 + (U -1)£2 -  Uy] (3 .56)
I n  th e  absence  o f  complex fo rm a t io n  (3 .5 6 )  reduces  to
D 1 = (l-x )m y (3 .57 )o
and t h e r e f o r e
AD = D -  D ' = <&' o (3 .5 8 )O (1 1
where
' j p  = ^  + (tf-1 )C2 -  Uy (3-59)
- 1 0 8 -
S u b s t i t u t i n g  f o r  from (3 .5 8 )  i n t o  (3 .4 7 )  and r e a r r a n g in g  we f in d  
Al> = a -  g2 y " ,  (3 .6 0 )
where
a = (1 + l/mUVK1 )g (3 .6 1 )
g = ' /u , (3.62)
and
y" = (1-x)x/  A  D. (3 .63 )
I t  fo l lo w s  t h e r e f o r e ,  t h a t  a t  c o n s ta n t  hydrogen io n -c o n c e n t r a t io n ,  c o n s ta n t  
io n i c  s t r e n g t h ,  and c o n s ta n t  w aveleng th , a p l o t  o f  A  D a g a in s t  y u should  
y i e l d  a s t r a i g h t  l i n e .  The s lo p e  and i n t e r c e p t  o f  t h i s  l i n e ,  and hence 
th e  p a ram e te rs  a and g can be found e i t h e r  g r a p h ic a l l y  o r  by u s in g  th e  
method o f  l e a s t  s q u a re s .
Eqn. (3 .6 1 )  c a n  be w r i t t e n  i n  th e  form
U K., = g /[(a -g )m V ] ( 3 . 64 )
hence ,  w ith  th e  a id  o f  ( 3 .4 9 ) ,  ( 3 .5 9 ) ,  and ( 3 . 62) ,  we o b ta in
s 1 = g h [(a -g )m v] = K., h + Kj K2 (3 .65 )
s 2 = [ (g /m ) + y] g h /[ (a -g )m v ]  = e ^ h  + (3 .6 6 )
Thus, a c c o rd in g  to  eqn. (3 .6 5 )  a p l o t  o f  a g a in s t  h  should  y i e l d  a
s t r a i g h t  l i n e  o f  s lo p e  and i n t e r c e p t  K^K and s i m i l a r l y  a p l o t  o f  s^ ag a in s t
h sho u ld  g iv e  a s t r a i g h t  l i n e .
E ig h t  s e r i e s  o f  con t inuous  v a r i a t i o n  experim ents  were performed a t  
v a r io u s  hydrogen i o n - c o n c e n t r a t i o n s .  The s o lu t i o n s  employed i n  each
s e r i e s  were p rep a red  by m ixing 1-x volumes o f  an  m-molar s o lu t i o n  o f
f e r r i c  p e r c h l o r a t e  ( s o l u t i o n  M) and x volumes o f  an equ im olar  s o lu t i o n  o f  
s a l i c y l i c  a c id  ( s o l u t i o n  s ) .  The component s o lu t i o n s  M and S pon ta ined  
th e  same l a r g e  excess  o f  p e r c h l o r i c  a c id ,  a t  th e  s to ic h io m e t r i c  concen­
t r a t i o n  p , and a l s o  sodium p e r c h lo r a te  whose c o n c e n t r a t io n  was a d ju s te d  i n  
such  a way as  to  m a in ta in  th e  io n ic  s t r e n g t h  o f  the  s o lu t i o n s  c o n s ta n t  
th ro u g h o u t ( i  = 0 .1 2 3 ) .  The o p t i c a l  d e n s i t i e s  o f  th e  s o l u t i o n s ,  r e p o r te d  
i n  Table  3 .2  were measured a t  X = 530m(J. . The r e s u l t s  o f  th e s e  measurements 
were used  to  c o n s t r u c t  con tin u o u s  v a r i a t i o n  c u r v e s ( s e e  F ig .3 .1 )  as  w e ll  as  to  
compute th e  p a ram e te rs  a and g by ap p ly in g  th e  method of l e a s t  sq u a res  to  
e q n . (3 * 6 0 ) .  In  agreem ent w i th  th e  f in d in g s  o f  th e  p re v io u s  w o rk e r s , [1 6 ,2 7 ,  
3 4 ,3 6 ,4 0 ,4 1 ,4 2 ,4 3 ]  a l l  con t in u o u s  v a r i a t i o n  cu rv es ,  i r r e s p e c t i v e  o f  pH and 
w ave leng th  showed a maximum a t  x = 0 ,5  th u s  in d i c a t i n g  t h a t  e v e r  
th e  pH range  employed o n ly  1:1 complexes are  forced. The v a lu e s  o f  a and g 
were u t i l i s e d  to  c a l c u l a t e  th e  v a lu es  o f  co rresp o n d in g  to  each con tinuous  
v a r i a t i o n  c u rv e .
The hydrogen io n -c o n c e n t ra t io n s  of  the  s o lu t io n s  were c a l c u l a t e d  by 
s u c c e s s iv e  ap p rox im ations  making use  o f  th e  e l e c t r o n e u t r a l i t y  p r i n c i p l e .
This  assumes h e re  th e  form
h + ? [F e3+] + 2[Fe(0H )2+] + [Na+] + <=, = [OH- ] + [Cl<>4“ ] + [n iT ] + 2[ l2~]
(3 .67 )
s in c e  [C10^“ ] = [Na+] + p + 3 ( l-x )m , and s in c e  h p  [0H~] t h i s  becomes 
h + 3 [Fe3+] + 2[Fe(0H )2+] + C1 = 3 ( l-x )m  + p + [HIT] + 2[L2"]  (3 .68 )
o r ,  i n  view o f  (3 .4 0 )  and ( 3 . 41 )
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F I G .  CONTINUOUS VARIATION CURVES FO R  FERRIC 
3-1. S A L IC Y L A T E  AT X » 4 3 o * y * '
2 0
I-8t
1*6
1-4
\ l
a
<i°
i m
0*6
0*2
0  0 - 2  0*4
1090 x ld*3(m o Ie /l)  
[HCl04]=0-700 x lo“2(m ole/l)
0  tn, 2-166 x IO3 (mole / l )
[HCl04]=3-000 x 10*(mole J\)
2-166 x lO3 (mole / 1)
[H CL04]=2-000 x JO2(mole /  ( )  
( ^ 7 t\,=s 2-166 x I03 (mole / l )  
[HCL04] 1-500 x lO2 (m ole/1)
0*6
DC
0 6
( s) tt\=* 2-166 x I03 (mole/ 1)
[HCL04] “ l-000 x 102(m o le /l) 
@ m - 4-332 x lO3 (mole / l )  
[HC104] -5-000 x IO2(mole/ l)  
0 7 a.» 4-332 x IO3 (mole /
[HCL04J -4*000 x IO2 (mole / l )  
(S )ttv** 4 -332 x IO3(mole /
[HC104J -3.000 x IO2 (mole/  i)
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h -  [Fe(0H )2+] + c1 -2Uc1 = p + xm -  [HgL] + [ l 2“ ] ( 3 . 69 )
S u b s t i t u t i n g  f o r  [>e(0H )2+] ,  [ l2“ ] ,  and [ h l ] from (3 .4 3 ) ,  ( 3 .4 4 ) ,  and 
( 3 .4 6 ) ,  and remembering t h a t  i n  th e  p r e s e n t  case  h$> K ^ , we f in d  f i r s t
and f i n a l l y ,  w ith  th e  a id  o f  ( 3 .4 7 ) ,  ( 3 .5 1 ) ,  (3 .5 8 )  and (3 .62 )
h 2f- |A + h(K>A + f 12B) + K»(B -  ^ E ’K ^ G 2 ) = 0 ( 3 .7 1 )
where
A = (m/Ug)[K1K1'KJ,f2gU3C -  A D ^ K j K ^ U  + 2 ) ] , (3 .7 2 )
B = ^ K - K ^  G [m (/\D /U g)(l-3 tj)  -  p] -  KjKj 3Vm/VS , (3 .73)
5 = (m /g )(xg  -  A d ) .  ( 3 . 74)
A rough v a lu e  f o r  was f i r s t  o b ta in e d  by p l o t t i n g  a g a in s t  p, and 
t h i s  was u sed  to  c a l c u l a t e  an approxim ate v a lu e  f o r  U by means o f  ( 3 . 64 ) .
A more a c c u r a te  v a lu e  o f  h was th en  found from (3 .7 1 )  f o r  each s o lu t i o n  o f  
a g iv e n  con tinuous  v a r i a t i o n  s e r i e s ,  and hence , th e  average hydrogen i o n -  
c o n c e n t r a t i o n  h f o r  each s e r i e s  c a lc u la te d *  The p ro cess  was re p e a te d  
u n t i l  th e  v a lu e s  o b ta in e d  f o r  from two s u c c e s s iv e  app rox im ation  c y c le s  
a g ree d  w i th in  0#01^>. I n  th e  l a s t  few approx im ation  cy c le s  th e  v a lu e s  o f  
K.| and were computed by a p p ly in g  th e  method o f  l e a s t  squa res  to
eqn* ( 3 .6 5 ) .  The l a t t e r  method was a l s o  used  in  th e  e v a lu a t io n  o f  the  
s lo p e  and o f  th e  i n t e r c e p t  ^ ^ - ^ 2  ^  means ( 3 .6 6 ) .
The a c t i v i t y  c o e f f i c i e n t s  were e s t im a te d  by means o f  th e  Davies 
e q u a t io n [7 8 ]  g iv en  by eqn. ( 2 . 32) .
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The v a lu e s  o f  Kj and were ta k e n  as  1 .064 x 10*"  ^ and 2.56 x 1 0 " ^
r e s p e c t i v e l y  ( s e e  Tables 2 .2  and 2 .3 )  and t h a t  o f  a s [ l0 2 ]  6 .7  x 10~5 ,
The p r e c i s i o n  o f  th e  ex p er im en ta l  d a ta  was a s s e s se d  by computing th e
s ta n d a rd  d e v i a t io n s  o f  s and s and hence th e  s ta n d a rd  d e v i a t io n s  frc
I ” t-,1
and o f  and r e s p e c t i v e l y [ 7 9 ] . The r e s u l t s  o f  th e s e  c a l c u l a t i o n s
a r e  g iv en  i n  Table 3*3 which shows t h a t  i n  s p i t e  o f  th e  h ig h  io n i c  s t r e n g t h  
o f  th e  e x p e r im e n ta l  s o lu t i o n s  th e  p r e c i s i o n  a t t a i n e d  i s  q u i t e  s a t i s f a c t o r y  
( s e e  a l s o  F ig s .  3 .2  and 3 . 3 ) .  For th e  i n t e r c e p t s  and v e ry
sm a l l  b u t  n e g a t iv e  v a lu e s  (n o t reco rd ed  i n  th e  t a b l e )  were o b ta in e d ,  which, 
w i th in  th e  l i m i t s  o f  ex p e r im en ta l  e r r o r ,  can be taken  as z e ro .  I t  appears
th e r e f o r e  t h a t  i f  i t  e x i s t s  a t  a l l  th e  complex Fe(0H)L i s  much l e s s  s t a b l e
th a n  FeL+ and t h a t  th e  ex p e r im en ta l  p rocedu re  d e sc r ib e d  above i s  no t s e n s i t i v e  
enough to  d e t e c t  i t s  p resen ce  i n  th e  system . I t  w i l l  a l s o  be no ted  
t h a t  th e  p r e s e n t  v a lu e  o f  i s  c o n s id e ra b ly  h ig h e r  th a n  th o se  o b ta in ed  
by p re v io u s  w orkers (Tab le  3 .1 ) .  S ince  t h i s  might be due, to  some e x t e n t ,
to  th e  u se  o f  th e  Davies a c t i v i t y  e q u a t io n  o u ts id e  th e  range  o f  i t s
a p p l i c a b i l i t y  i t  was d ec ided  to  red e te rm in e  the  v a lu e  o f  a t  a much low er 
i o n i c  s t r e n g t h  u s in g  th e  p rocedure  based upon eqn. ( 3 .3 4 ) .
I n  th e  p r e s e n t  case  n = 1, x = 0 .5  and, s in c e  th e  complex Fe(0H)Lmax.
ap p ea rs  to  be a b s e n t ,  U = 1. A lso , a s ,  a t  \  = 530 mja , y i s  n e g l ig ib l y  
sm all  compared w ith  ^  , we have ■'pj = ^  . S u b s t i t u t i n g  th e s e  v a lu e s  
i n t o  eqn. (3 .4 7 )  and r e a r r a n g in g ,  i t  fo l lo w s  th a t
= W *  (m/2) -  ( 5 *75)
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Hence by p l o t t i n g  ( / \D _ _ _  /V) 2 a g a i n s t  /aD. , a t  c o n s ta n t  io n ic  s t r e n g t h
ULclX • u la X  •
and c o n s ta n t  w aveleng th , a s t r a i g h t  l i n e  should  r e s u l t ,  whose i n t e r c e p t  and 
s lo p e  can  be used  to  e v a lu a te  and •
A cco rd ing ly ,  i n  t h i s  s e r i e s  o f  experim ents  s o lu t i o n s  were p rep a red  
by m ixing  e q u a l  volumes of  equim olar s o lu t i o n s  of f e r r i c  p e r c h lo r a te  and 
s a l i c y l i c  a c i d .  The s o lu t i o n s  co n ta in ed  v a ry in g  amounts o f  p e r c h l o r i c  
a c i d  and sodium p e r c h l o r a t e .  The v a lu e  o f  o b ta in e d  from continuous 
v a r i a t i o n  experim en ts  was used  to  c a l c u l a t e  th e  c o n c e n t r a t io n  of sodium 
p e r c h l o r a t e  r e q u i r e d  to  keep the  io n i c  s t r e n g t h  o f  th e  s o l u t i o n  c o n s ta n t  
a t  I  = 0 ,0 5 .  The hydrogen io n - c o n c e n t r a t io n s  o f  th e  s o lu t i o n s  were 
c a l c u l a t e d  by means o f  eqn. (3 .7 1 )  u s in g  th e  approx im ation  p rocedure  a l r e a d y  
d e s c r ib e d .  The r e s u l t s  o f  th e se  com putations  a re  shown i n  Table 3*4 and 
i l l u s t r a t e d  i n  F ig .  3*4* As in d i c a te d  by th e  s ta n d a rd  d e v ia t io n s  of 
and , th e  p r e c i s i o n  a t t a i n e d  i n  t h i s  s e r i e s  o f  experim ents  i s  h ig h .  
Fu r th e rm o re ,  i n  view o f  th e  h ig h  io n i c  s t r e n g t h  of th e  s o lu t i o n s  employed 
i n  th e  f i r s t  s e r i e s  o f  exp er im en ts ,  th e  agreement between th e  two v a lu es  
o b ta in e d  f o r  i n  t h i s  work must be reg a rd ed  as s a t i s f a c t o r y .  As, how­
e v e r ,  th e  accu racy  o f  th e  Davies e q u a t io n  in c r e a s e s  w ith  d e c re a s in g  io n ic  
s t r e n g t h  th e  v a lu e s  found i n  th e  second s e r i e s  of experim ents  shou ld  be
c o r re s p o n d in g ly  more a c c u ra te  and and a re  thus  ta k en  to  be
17 32 .73  x 10 and 1.619 x 10 r e s p e c t i v e l y .
-119-
TABLE 3 .4  -  STABILITY CONSTANT OF FERRIC SALICYLATE
CALCULATED BY MEANS OF EQUATION
X = 530 m|i; I  =0,0500; m = 1 .052  x 10~3 ( m o l e / l . )
[HCIO^] x 102 [N aC lO j x 102 D h x IO2 y  = (nfi) 2 A y  x  1C
( m o l e / l . ) ( M o le / l . ) ( g . i o n / l . ) x 10’ 6
0.922 3 .877 0.6006 0.999 3 .261 -  0.007
1.176 3.615 0.5600 1 .2 5 0 3.791 -  0.011
1.4-31 3.333 0.5217 1.500 4.278 + 0.001
1 .940 2.831 0.4536 2.001 5.143 -  0.020
2.448 2 .312 0.3966 2.501 5.887 + 0 .015
2 .954 1.797 0.3487 3.011 6.531 -  0.001
3 .460 1.283 0.3065 3.501 7.070 + 0.002
3 .9 6 4 0 .774 0.2717 4.001 7.548 -  0.025
4.471 0.255 0.2396 4 .5 0 4 7.929 + 0 .011
= 2 .73  x i<F •0+111
b
^ 01 x IO17
= 1619 = ± 6
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THE DETERMINATION OF THE STABILITY CONSTANTS OF 
COMPLEXES OE THE EERRIC ION WITH SUBSTITUTED 
SALICYLIC ACIDS
S in ce  a ls o  th e  s u b s t i tu t e d  s a l i c y l i c  a c id s  produce s tro n g ly  co lo u red  
com plexes w ith  th e  f e r r i c  io n , i t  appeared  th a t  th e  same p roced u re  sho u ld  be 
a p p l ic a b le  as in  th e  case  o f  f e r r i c  s a l i c y la te #  However, u s in g  th e  con­
c lu s io n  reac h ed  in  th e  ca se  o f  f e r r i c  s a l i c y l a t e ,  i t  was assumed from th e  
v e ry  b eg in n in g  th a t  a l l  th e se  s u b s t i tu t e d  a c id s  form on ly  com plexes o f th e
4.
ty p e  FeL w ith  th e  f e r r ic  io n .  In  th e  p re s e n t  case  th e  co n tinuous v a r i a t io n  
method was u sed  o n ly  to  p ro v id e  rough v a lu e s  f o r  th e  s t a b i l i t y  c o n s ta n ts  o f 
th e s e  com plexes. These v a lu e s  were th e n  employed f o r  th e  more a c c u ra te  
d e te rm in a tio n  o f  th e  s t a b i l i t y  c o n s ta n ts  u s in g  th e  p ro ced u re  based upon 
eqn. (3 •7 5 )•  A cco rd in g ly , f o r  each s u b s t i tu t e d  a c id  co n tinuous v a r ia t io n
c u rv e s , co rre sp o n d in g  to  on ly  one pH v a lu e , were measured a t  a number o f 
w aveleng ths a t  w hich th e  o rg a n ic  a c id s  do n o t abso rb  and a t  which th e  
a b s o rp tio n  o f  Fe(0H )^+ and o f  Fe^+ i s  n e g l ig ib le  compared w ith  th a t  o f th e  
com plex.
The s o lu t io n s  were p rep a red  e x a c t ly  as f o r  s a l i c y l i c  a c id  and t h e i r  
io n ic  s t r e n g th  was m a in ta in ed  a t  e x a c tly  th e  same v a lu e  ( i  = 0 .1 2 3 ) . The 
o p t i c a l  d e n s i t i e s  o f th e  s o lu t io n s  were used  to  c o n s tru c t  con tinuous 
v a r i a t i o n  cu rv es  w hich, i r r e s p e c t iv e  o f w aveleng th , showed a maximum a t  
x = 0 .5  th u s  in d ic a t in g  th a t  a ls o  in  t h i s  case  on ly  1:1 complexes a re  
form ed in  a c id  m edia. T able 3 .5  g iv e s  th e  o p t i c a l  d e n s ity  d a ta  which
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F IG . 3-5. CONTINUOUS VARIATION CURVES pOR TH 
SUBSTITUTED SALICYLIC ACID COMPLEXES.
( s e e  ALSO TABLE 3 -5 )
JE
IO
0*8
o  O i
0*4
1-0O 0-2 0*6 O'B
0  FERRIC 3 ' MET HY L* S AL1CY L AT E j 
0  FERRIC 3 'NITRO-SALICYLATE ; 
®  FERRIC 5-CH LORO -SALICYLATE ; 
0  FERRIC 5*BROMO - SALICYLATE J. 
0  FERRIC 5-NITR0-SALICYLATE ;
X =» 5 5 2 “hij/u* 
X «  4 9 3 •hv/*' 
A = 539 
X  «*539 'hy**’ 
X * * 4 9 9
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were used  to  c o n s tru c t  th e  co n tin u o u s  v a r i a t i o n  cu rv es  shown in  F ig . 3*5 
and a l s o  to  c a l c u la te  rough v a lu e s  o f th e  s t a b i l i t y  c o n s ta n ts  and m olar 
e x t in c t io n  c o e f f i c i e n t s  by means o f  eq n s, (3 .6 1 ) and (3 .6 2 )  g iven  in  
T ab le  3 .6 .  The v a lu e s  o f  th e  f i r s t  and second d is s o c ia t io n  c o n s ta n ts  of 
th e  s u b s t i tu t e d  a c id s  used  in  th e s e  and i n  subsequen t c a lc u la t io n s  a re  
g iv e n  in  T ab les  2 .3 ,  2 .4 ,  2 .5 ,  2 . 6 , '2 . 8 ,  2 .9 ,  2 .10  and 2 .1 1 , w ith  th e  
e x c e p tio n  o f  th e  f i r s t  d i s s o c ia t io n  c o n s ta n ts  o f 3 - n i t r o -  and 5 - n i t r o -  
s a l i c y l i c  a c id s .  For th e  l a t t e r  th e  v a lu e s [6 4 ]  1 .34  x 10~^ and 7 .57  x 10*"^, 
r e s p e c t iv e ly ,  were ad o p ted . ,
N ext, s o lu t io n s  were made up by m ixing eq u a l volumes o f  equ im olar 
s o lu t io n s  o f  f e r r i c  p e r c h lo ra te  and o f th e  s u b s t i tu t e d  s a l i c y l i c  a c id .  The 
v a lu e s  o f  and were c a lc u la te d  u s in g  eqn, (3 .7 5 )  in  e x a c t ly  th e  same 
manner as  d e s c r ib e d . The r e s u l t s  o f  th e se  c a lc u la t io n s  a re  p re se n te d  in  
T ab les  3 .7 ,  5 .8 ,  5 .9 ,  and 3 .10  and i l l u s t r a t e d  in  F ig s .  3 .6 ,  3 .7 , 5*8 and 
5 .9 .
In  th e  case  o f th e  3 - n i t r o - s a l i c y l a t e  complex th e  v a r ia t io n s  o f 
th e  o p t i c a l  d e n s i ty  w ith  hydrogen io n -c o n c e n tr a t io n  a t  on ly  one v a lu e  o f 
m were n o t s u f f i c i e n t l y  la rg e  to  p e rm it a r e l i a b l e  d e te rm in a tio n  o f 
and j by t h i s  m ethod. For t h i s  re a so n  eqn. (3 .7 5 ) was p u t in to  the  
form
( 2 / m ) (  A  » m a x < A ) *  =  e ,  ) *  -  ( K ,  t ,  ) * ( 2  (3 .7 6 )
which p e rm its  to  v a ry  n o t o n ly  th e  hydrogen io n -c o n c e n tra t io n  b u t a lso  
th e  m o la r i ty  m o f th e  component s o lu t io n s .  I t  can be seen  th a t  in  t h i s
-1  2 6 -
OF FERRIC 3-METHYL-S ALICYLATE
CA LC U LA TED
X = 552 m|_i; I  = 0 .0500 ; m = 1 .312  x 10~3 ( m o le / l . )
[HCIO^] x 10 [N aC lO j x 10'
( m o l e / l . )
V
( m o l e / l . )
A D  h x 10' y  =  ( D / v )2 A y
( g . i o n / l . )  x l O 7 x 10 7
0 .912 3 .8 2 4 0.6843 1 .005 1.082 -  0 .005
1 .324 3.391 0.5979 1.405 1 .338 -  0.010
1 .7 3 4 2.965 0.5195 1 ,807 1 .552 -  0.003
2.143 2 .5 4 4 0.4556 ■ 2 .207 1 .738 + 0.002
2.449 2.230 0.4110 2.508 1 .8 5 4 + 0.015
2 .757 1 .919 0.3756 2 .807 1.966 + 0,006
2.956 1.711 0.3532 3.007 2.032 + 0 .005
3 .463 1.196 0.3031 3 .507 2.172 + 0.010
3 .9 6 8 0 .684 0.2638 4.006 2.296 0,000
4 .371 0 .274 0.2385 4 .4 0 4 2.389 -  0 .019
4 .623 0.021 0.2213 4 .655 2.425 -  0.006
\  -  1 .35 m 18 x 10 = ± 0.01 i n 18x 10
^  = 1610 O f = -  12
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-SALICYLATETABLE 3 . 8  -  STABILITY CONSTANT
CALCULATED BY MEANS OF EQUATION
X = 539 mji; I  = 0 .0500; m = 8.016  x  10 ^  ( m o le / l . )
[ HC10^] x  102 [N aC lO j x 102 A d h x 102 y  =  ( u / v ) 2 A y  :
( m o l e / l . ) ( m o l e / l . ) ( g . i o n / l . ) x  l o "6 x 10H
0.741 4 .1 2 5 0.5779 0.809 0 .970  + 0 .008
0 .9 4 4 3 .912 0.5533 1.009 1 .117  + 0 .013
1.349 3 .305 0.5106 1.409 1.396 0.004
1 .7 5 4 3 .0 9 4 0.4707 1 .809 1.650 0.013
2 .158 2.683 0.4307 2.210 1 .875  + 0.008
2.562 2 .274 0.3986 2.609 2.089 0.009
2.965 1 .865 O.3685 3.009 2.283 0.018
3 .469 1.335 0.3332 3.509 2.497 0.015
3.973 0.847 0.3007 4 .009 2.682 0,.000
4 .4 7 6 0.339 0.2705 4 .5 1 0 2.838 + 0 .030
=  6 .9 5  x 1016 ( X  =  ± 0.07l ^ i x 1016
L  = 1838 C f  = ± 19
~1
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OF FERRIC 5-BROMO--SALICYLATE
CALCULATED BY MEAN!
X = 539 I  = 0,0500; m = 7.147  X 1 0 -4 ( m o le / l . )
HCIO^] x 10 2 [NaClO^] x 102 A D h x 102 y  = ( dA ) ^ l \ y
( m o l e / l , ) ( m o l e / l . ) ( g . i o n / l . ) x  10"6 x 10”6
0 ,537 4 .338 0.5608 0.600 0 .6 8 4 -  0.007
0.82*1 4 .0 2 8 0.5226 0.900 0 .877 + 0.011
1.246 3 .6 l6 0.4810 1 .300 1.118 -  0.002
1 .650 3.206 0.4411 1 .700 1 .335 + 0.001
2 .155 2.693 0.3960 2.201 1 .578 + 0.005
2 .559 2.285 O.3661 2.600 1.758 -  0.011
2.962 1.881 0.3359 3.000 1.921 -  0.007
3*446 1 .368 0.3016 3.501 2.089 + 0 .014
3 .9 6 9 0.860 0.2739 4 .0 0 1 2.251 + 0.002*.
4 .472 0.353 0.2493 4.500 2.396 -  0.006
K± = 5 .7 8  x 1016 11 1
 + 0 •
1 /C
03 x  10
^  = 1914
1—1 
1—1
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STABILITY CONSTANT OF FERRIC 5-NITRO-SALICYLATE 
CALCULATED BY MEANS OF EQUATION (3 .7 5 )
X = 499 m|-t; 1 = 0 .0500; m = 5 .246  x 10~k  ( m o le / l . )
HCIO, ] x 102
1+
( m o l e / l . )
[NaCIO ] x 102
4
( m o l e / l . )
A  D h x 102 
( g . i o n / l . )
y = (dA )^
x 1524*
A y  x iok
0.2496 4 .663 0.5267 0.300 2.045 -  0.031
0.4508 4 .460 0.5102 0.500 2.477 + 0.050
0 .7526 4 .155 0 .4914 0.800 3 .098 + 0.013
1 .255 3.648 0.4607 1 .300 4 .058 + 0.009
1 .958 2 .939 0.4227 2.000 5.287 -  0.039
2.461 2.433 0.3968 2.500 6,087 -  0.033
2 .9 6 4 1,928 0.3721 3.000 6.825 -  0.003
3 .466 1 .423 0.3493 3 .500 7 .5 1 4 0.000
3 .9 6 8 0 .918 0.3290 4.000 8,166 -  0.003
4 .4 6 9 0,413 0.3099 4 .500 8.771 -  0.014
4 .8 7 1 0.010 0.2943 4 .900 9.207 + 0 .034
= 2 .1 8  :x lO 1^ cv -  0 .0 1  x 10lif
L x = 2255 V -  10
F
IG
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p a r t i c u l a r  c a se  th e  v a lu e s  o f and can be o b ta in e d  from th e  in te r c e p t
max.max.
A cco rd in g ly , two s e r i e s  o f m ix tu res  (o f  f e r r i c  p e r c h lo r a te  and 
3 - n i t r o - s a l i c y l i c  a c id )  co rre sp o n d in g  to  d i f f e r e n t  v a lu e s  o f m were made
u p . T h e .s o lu t io n s  o f each s e r i e s  were p rep a red  in  e x a c t ly  th e  same way 
a s  b e fo re ,  i . e .  m a in ta in in g  c o n s ta n t io n ic  s t r e n g th  th ro u g h o u t and v a ry in g  
th e  c o n c e n tra t io n  o f p e r c h lo r ic  a c id .  The c a lc u la t io n s  p e r ta in in g  to  t h i s  
s e r i e s  o f exp erim en ts  were perform ed u s in g  th e  ap p rox im ation  p rocedu re  
a l re a d y  d e s c r ib e d . The r e s u l t s  a re  g iv en  in  Table 3.11 and F ig . 3*10.
ABSORPTION SPECTRA
To in v e s t ig a t e  th e  e f f e c t  o f  s u b s t i tu e n ts  on th e  n a tu re  o f  th e  
com plexes, t h e i r  a b s o rp tio n  s p e c t r a  were m easured in  th e  re g io n  250-700 m U . 
S in ce  th e  d i r e c t  d e te rm in a tio n  o f  th e  o p t i c a l  d e n s ity  D’ o f  th e  complex 
i t s e l f  i s  n o t p o s s ib le  th e  fo llo w in g  p ro ced u re  was ad o p ted . U sing eqn. 
(3 .5 3 )  i t  can  be r e a d i ly  shown th a t  th e  o p t i c a l  d e n s ity  o f a s o lu t io n  
c o n ta in in g  b o th  m e ta l and lig a n d  in  th e  r a t i o  1:1 ( i . e .  x = 0 .5 )  i s  g iven
by
D = (y + y ')m /2  + c , [£ , -  (y + y ' )  ] (3 .7 7 )
p ro v id ed  o n ly  th e  complex FeL i s  p r e s e n t .
R earra n g in g  we have th e re fo re
D' = D + [2 c , -  m] D0 '/m  = £ c (3 .7 8 )
where
D ’ = (y + y ’ )m/2 (3 .7 9 )
- 1 3 5 -
CONSTANT OF FERRIC 3-NITRO-SALICYLATE
CALCULATED BY MEANS OF EQUATION (3 .7 6
X = 493 mu: I  = 0.0500
mxlO^ 
( m o l e / l . )
[H C lO jx lO 2 
( m o l e / l . )
[N aC lO jx lO 2 
( m o l e / l . )
D hxlO2
( g . i o n / l . )
y=(2 /m )(D /v)2
3
A y
c 10-1
8.860 0 .2 1 4 4 .639 0.6394 0.300 4 .7 8 + 0.03
8 .860 0.416 4.436 0.6268 0 .500 5 .69 + 0 .02
8.860 0.718 4 .129 0.6103 0.800 6 .96 - 0 .09
8 .860 1.221 3.620 0.5830 1.300 8 .9 0 - 0 .10
8.860 1 .926 2.908 0.5495 2.001 11 .41 - 0 .2 4
8 .860 2.429 2.400 0 .5224 2.501 13.01 + 0 .07
8 .860 2.931 1.893 0.5010 3.001 14 .58 + 0.01
8.860 3 .343 1.386 0.4808 3 .501 16.08 - 0.06
8.860 3.937 0.880 0,4606 4 .001 17 .49 - 0 .0 4
8 .860 4 .439 0 .3 7 4 0.4400 4 .501 18.80 + 0 .10
8 .860 4 .741 0.070 0 .4294 4 .801 19.58 + O • O
 
—vJ
5 .802 0 .2 4 4 4 .659 0.4100 0.300 5 .85 - 0 .09
5 .802 0.445 4 .455 0.3995 0,500 6 .9 4 - 0 .05
5 .802 0.747 4 .150 O.3828 0.800 8 .42 - 0 .27
5.802 1 .250 3.643 0.3626 1 .300 10.72 + 0.13
5.802 1.953 2 .934 0.3360 2.000 13 .62 + 0 .1 2
5 .802 2.958 1 .922 0.3020 3.000 17.29 + 0 .11
5.802 3 .460 1.417 0.2888 3.500 19.03 - 0 .20
5.802 3.962 0.913 0.2730 4.000 20.56 - 0 .03
5 .802 4 .463 0 .408 0.2592 4 .501 22.03 - 0 .01
5 .802 4 .7 6 4  
Kx = 1 .5 6
f x = 1597
0.106  
x 1014
0 .2514
or =
" c i
4 .801
i  0 .0 1  x 1C 
+ Gj
22.87
)14
0 .02
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At a w aveleng th  a t  w hich on ly  th e  complex ab so rb s  th e  q u a n t i t i e s  y  and 
y 1 a re  ze ro  i n  w hich ca se  eqn. (3*78) s im p l i f ie s  to
D = € 1c 1 (3 .8 0 )
Thus u s in g  th e  v a lu e s  o f  £ p re v io u s ly  c a lc u la te d  (see  T ab les 3 .4 , 3 ,7 ,
3 .8 ,  3*9, 3 .1 0 , and 3 .1 1 ) can be o b ta in e d . Once c 1 i s  known D1 can
be c a lc u la te d  by means o f (3 .7 9 )  over th e  whole range o f w avelength  
em ployed.
A cco rd in g ly , f o r  th e  d e te rm in a tio n  o f th e  a b s o rp tio n  cu rve o f 
each  com plex, a s o lu t io n  was made up by m ixing  equ a l volumes o f equ im olar 
s o lu t io n s  o f  f e r r i c  p e r c h lo r a te  and o f  th e  lig a n d  and i t s  o p t i c a l  d e n s ity  
m easured as a f u n c t io n  o f th e  w aveleng th . To d e term in e  th e  q u a n t i t i e s  
Y and y ’ and hence to  c a l c u la te  Dq ! th e  o p t i c a l  densities o f a s o lu t io n  o f 
m o la r i ty  m/2 in  f e r r i c  p e r c h lo ra te  and a  s o lu t io n  o f m o la r ity  m/2 in
mmO
l ig a n d ,  a t  th e  same hydrogen io n -c o n e e n tra t io n  (h  i t  1 x 1 0 )  and ionics s t r e n ­
g th  ( I  = 0 .0 5 )  as  th e  m ix tu re , were a ls «  m easured over th e  wavelength ran g e .
To in v e s t ig a t e  th e  e f f e c t  o f  pH on th e  p o s i t io n  o f th e  a b so rp tio n  
maxima, a b s o rp tio n  cu rv es  c o rre sp o n d in g  to  a number o f pH v a lu e s  were 
a ls o  o b ta in e d . The r e s u l t s  o f  th e se  m easurem ents a re  p re se n te d  in  
F ig s ,  3,11, 3 .1 2 , 3 .1 3 , 3 .1 4 , 3 .15 and 3 .1 6 , In  th e  f ig u r e s  th e  
a b s o rp tio n  cu rv es  o f  th e  f e r r i c  p e r c h lo ra te  (cu rve  1) and th e  r e s p e c t iv e  
l ig a n d  (cu rv e  2) each a t  a c o n c e n tra t io n  m/2 a re  a ls o  shown. The 
s a l i e n t  f e a tu r e s  o f  th e  a b s o rp tio n  cu rv es  o f th e  s ix  com plexes a re  
com pared i n  T able 3*12.
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I t  can be seen  th a t  th e  s p e c tr a  o f th e s e  com plexes show two 
w e ll -d e f in e d  b an d s , one in  th e  v i s i b l e  and th e  o th e r  in  th e  U.V, re g io n , 
th e  i n t e n s i t y  o f  th e  l a t t e r  b e in g  much h ig h e r  th a n  th a t  o f  th e  fo rm er.
The s p e c t r a  can be b e s t  u n d e rs to o d  i n  term s o f  th re e  ty p es  o f  e le c t r o n ic  
t r a n s i t i o n s ;
1) T ra n s i t io n s  due to  e le c t r o n s  r e s p o n s ib le  f o r  th e  bonding betw een 
m e ta l and lig a n d  in  th e  com plexes,
2) T ra n s i t io n s  o f  th e  non-bonding  e le c tro n s  o f th e  l ig a n d ,
3) T ra n s i t io n s  o f  th e  non-bonding  e le c t r o n s  o f  th e  f e r r i c  io n .
I t  can  be shown by c a lc u la t io n s  th a t  th e  i n t e n s i t y  o f  th e  bands 
i n  th e  U.V. re g io n  a re  ro u g h ly  e q u a l to  th e  sum o f  th e  a b so rp tio n s  o f
th e  l ig a n d  and th e  f e r r i c  io n , each a t  a c o n c e n tra tio n  o f  th e  complex.
The t r a n s i t i o n s  c o rre sp o n d in g  to  th e se  bands, w hich a p p a re n tly  a re  due to  
th e  non-bond ing  e le c tro n s  o f th e  lig a n d  and th e  c a t io n ,  a re  th u s  v e ry  l i t t l e  
a f f e c te d  by complex fo rm a tio n . On th e  o th e r  hand, th e  i n t e n s i t y  o f th e  
a b s o rp tio n  bands o f  th e  com plexes in  th e  v i s i b l e  re g io n  i s  c o n s id e ra b ly  
la r g e r  th a n  th e  sum o f  th e  a b s o rp tio n s  o f th e  l ig a n d s  and m e ta l and m ust, 
th e r e f o r e ,  be a s c r ib e d  to  th e  t r a n s i t i o n s  o f  th e  e le c t ro n s  p a r t i c ip a t in g  in  
complex fo rm a tio n . I t  w i l l  be a ls o  n o tic e d  th a t  th e  p o s i t io n  o f th e  peaks 
o f  th e se  bands a re  in d ep en d en t o f th e  pH b u t depend on th e  n a tu re  o f  th e  sub­
s t i t u e n t ,  Thus b o th  th e  n it ro -g ro u p s  s h i f t  th e  w avelength  o f maximum 
a b s o rp tio n  tow ards th e  U .V ,, w h ile  th e  brom o-, c h lo ro - ,a n d  m e th y l-su b - 
s t i t u e n t s  have th e  o p p o s ite  e f f e c t ,  th e  e f f e c t  o f th e  m ethy l-g roup  be ing
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th e  l a r g e s t .  The X v a lu e s  o f  th e se  com plexes can th u s  be a rran g ed
fflclX •
i n  th e  fo llo w in g  o rd e r ,  V n02 XH <  X ^
— X5-C1 ^  X3-CHj.
I t  i s  re a so n a b le  to  assume, th a t  as i n  th e  case  o f many o th e r  f e r r i c  
com plexes, th e  a b s o rp tio n  s p e c t r a  o f f e r r i c  s a l i c y l a t e  and s u b s t i tu t e d  f e r r i c  
s a l i c y l a t e s  a re  o f th e  e le c t r o n  t r a n s f e r  ty p e . S p e c tra  o f  t h i s  k ind  have 
been  d is c u s s e d  by a number o f  w o rk e rs [5 2 ,1 1 2 ,113 ]. Thus, a cc o rd in g  to  
H ab in o w itch [1 1 2 ] ,th e  in te n s e  a b so rp tio n  bands tf f e r r i c  com plexes such  as 
F eC l^+, FeBr^+ , and FeCNS^+ a re  due to  an e le c t r o n  t r a n s f e r  from th e  
a n io n  to  th e  c a t io n ,  th e  p h o to -ch em ica l e f f e c t s  becoming a p p a re n t by some 
i r r e v e r s i b l e  change o n ly . The a b s o rp tio n  spectrum  o f  f e r r i c  th io s u lp h a te  
i s  a ls o  o f  t h i s  t y p e [ l 14]* Bowen[l13] has a s c r ib e d  th e  weak bands o f  some 
s p in - f r e e  f e r r i c  com plexes observed  a t  550 m|i and 700 m}i to  fo rb id d e n  
d - d  t r a n s i t i o n s .  The in te n s e  a b s o rp tio n  bands o f o th e r  f e r r i c  complexes 
o b served  in  th e  U.V. and v i s i b l e  re g io n s  he a t t r i b u t e d  to  th e  passage o f 
an e l e c t r o n  from one o f  th e  c o -o rd in a te  l in k s  to  an atom ic d o r b i t a l  o f  th e  
c a t io n .  In  some c a se s  t r a n s f e r  o f th e  e le c t r o n  from th e  lig a n d  to  th e  
m e ta l i s  com plete r e s u l t i n g  in  th e  re d u c t io n  o f th e  f e r r i c  io n .  W illiam s[52] 
showed thatBcw en’s i n t e r p r e t a t i o n  may be ex tended  to  com plexes o f th e  f e r r i c  
io n  w ith  p h e n a n th ro lin e , th io c y a n a te ,  s a l i c y l i c  a c id ,  e t c .  He a lso  p o in te d  
o u t[5 2 ,5 3 ]  t h a t  th e  s t r o n g e r  th e  d o n a tin g  p r o p e r t ie s  o f  th e  l ig a n d s  th e  
lo n g e r  th e  w aveleng ths o f  th e  in te n s e  a b s o rp tio n  bands o f  th e se  complexes} 
t h i s  ty p e  o f b eh av io u r in d ic a te s  th a t  th e  a c c e p to r  tendency  o f th e  f e r r i c
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io n  i s  in c re a s e d  in  th e  e x c i te d  s t a t e .  In  th e  case  o f  th e  3d-3d t r a n s i t i o n  
which g iv e  r i s e  to  such  in te n s e  a b s o rp tio n  bands, one t 0 o r b i t a l  becomes 
empty and can  th u s  a c c e p t a i t  - e le c t r o n  from  th e  l ig a n d .  Such a t r a n s i t i o n
would be a s s o c ia te d  w ith  a change in p o la iity  which would r e la x  th e  s e le c t io n  
r u le  f o r  th e  fo rb id d e n  d - d  t r a n s i t i o n  th u s  le a d in g  to  an in c re a s e  in  th e  
i n t e n s i t y .
The e f f e c t  o f  s u b s t i tu e n ts  on th e  p o s i t io n  o f  th e  bands o f th e
com plexes in v e s t ig a te d  in  th e  p re s e n t  work can be r e a d i ly  e x p la in ed  in  term s
o f  W illia m s * s p re d ic tio n  th a t  th e  v a lu e  o f  \  shou ld  in c re a s e  w ith  in c re a s in g
q ie x  •
d o n a tin g  power o f  th e  l ig a n d .  As a lre a d y  m entioned , in  th e  p re s e n t
work, th e  n it r o -g ro u p s  have been found to  s h i f t  th e  a b s o rp tio n  maxima tow ards 
th e  U.V. w h ile  th e  c h lo ro - ,  bromo- and m e th y l- s u b s t i tu e n ts  s h i f t  th e  maxima 
i n  th e  o p p o s ite  d i r e c t io n ,  th u s  le a d in g  to  th e  fo llo w in g  s e r i e s ,  X
^  X <  X rCz. X c <T X . I t  can be seen5-NO2 H 5-B r 5-C1 3-CH3
t h a t  i n  t h i s  s e r i e s  th e  w aveleng ths a re  a rra n g e d  in  th e  o rd e r  o f  in c re a s in g  
d o n a tin g  powers o f  th e  s u b s t i tu e n t s .  Thus th e  two n i t r o - s u b s t i t u e n t s  have 
b o th  CT“ and w -a c c e p to r  p r o p e r t i e s [ 5 1 ,115]» th e  m ethy l-group  b o th  *  and 
w -donor p r o p e r t i e s [ 5 1 .115] w h ile  th e  bromo- and c h lo ro -  s u b s t i tu e n ts  
a c t[5 1 ,1 1 5 ]  as  7r-donors b u t <f -  a c c e p to rs .  In  acco rdance w ith  W illiam ^* 
p r e d ic t io n  th e  n i t r o - s u b s t i t u e n t s  shou ld  th u s  produce a hypsochrom ic s h i f t  
w h ile  th e  m e thy l-g roup  a bathochrom ic s h i f t .  The c h lo ro -  and brom o-sub- 
s t i t u e n t s  sho u ld  a ls o  show bathochrom ic s h i f t s ,  bu t th e se  shou ld  be some­
what d im in ish ed  as a r e s u l t  o f th e  Cf~a c c e p to r  p r o p e r t ie s  o f  th e se  sub­
s t i t u e n t s ,  I t  i s  p e rh ap s  w orthw hile  to  p o in t  o u t t h a t  the  s e r ie s  o b ta in e d
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by a rra n g in g  th e  com plexes i n  th e  o rd e r  o f  in c re a s in g  s t a b i l i t i e s  does 
n o t  co m p le te ly  c o in c id e  w ith  the  s p e c t r a l  s e r i e s .  S in ce , how ever, th e  
l a t t e r  r e f l e c t s  th e  7 r-accep to r tendency  o f  th e  f e r r i c  io n  in  th e  e x c i te d  
s t a t e ,  such  d i f f e r e n c e s  a r e  to  b e  ex p ec ted .
can be seen  th a t  th e  a b s o rp tio n  bands o f  a l l  th e  com plexes a re  o f ap p ro x im ate ly  
th e  same i n t e n s i t y  and th a t  no d e f in i t e  c o r r e l a t i o n  e x i s t s  between th e  in te n ­
s i t y  and th e  n a tu re  o f  th e  s u b s t i tu e n t .  T h is r e s u l t  seems to  d is a g re e  w ith  
W ill ia m s 's  p r e d ic t io n [ 5 2 ,53] t h a t  th e  i n t e n s i t y  o f th e  a b s o rp tio n  bands o f 
th e  f e r r i c  com plexes sho u ld  in c re a s e  w ith  in c re a s in g  w -donor p r o p e r t ie s  o f 
th e  l ig a n d s .
To d e te rm in e  th e  e f f e c t  o f  s u b s t i tu e n ts  on th e  i n t e n s i t y  o f  th e  ab so rp ­
t i o n  bands o f th e  com plexes in  th e  v i s i b l e  r e g io n [ 115 a ] , th e  o s c i l l a t o r  
s t r e n g th  P o f th e se  bands have been c a lc u la te d  u s in g  th e  fo rm ula[ 115a]
P = 9 .2 0  x 10“ 9 £  S (3 . 81)
w here &"(cm ^ ) i s  th e  h a l f  w id th  o f  th e  band in  wave numbers and co rresp o n d s to
The r e s u l t s  o f th e se  c a lc u la t io n s  a re  g iv en  in  T able 3 .13  from which i t
TABLE 3 .1 3  -  THE EFFECT OF SUBSTITUENTS ON THE 
OSCILLATOR STRENGTH OF THE CHARACTERISTIC 
ABSORPTION BAUDS OF THE COMPLEXES
F e r r ic  s a l i c y l a t e
Complex S  x 10~3 
(cm -1)
3.12
P x 10
4 .65
4.68
5 .40
5.50.
5 .37
4 .4 3
2
F e r r ic  3 - n ie th y l- s a l ic y la te  
F e r r ic  5 - c h lo r o - s a l i c y l a te  
F e r r ic  5 -b ro m o -s a lic y la te  
F e r r ic  5 - n i t r o - s a l i c y l a t e  
F e r r ic  3 - n i t r o - s a l i c y l a t e
3.16
3 .19
3.16
2 .5 9
3.01
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S E C T I O N  IV
THE SPECTROPHOTOMETRIC DETERMINATION OF
THE ASSOCIATION CONSTANT OF THE
FeC1042+ ION PAIR
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I t  has  a l r e a d y  been mentioned th a t  th e  work o f  S yk es[ l0 6 ,1 0 7 ]  ^
2+p ro v id e s  s t r o n g  p resum ptive  ev idence f o r  th e  e x i s t e n c e  o f  th e  FeClO^ 
io n  p a i r ,  a l th o u g h  o th e r  i n v e s t i g a t o r s [ l 1 ,109 ,110 ,111 ]  were unab le  to  
d e t e c t  i t s  e x i s t e n c e .  The p re s e n t  s e c t i o n  g iv e s  an account of an a t tem p t 
to  o b ta in  more in fo rm a t io n  about t h i s  io n  p a i r .  There a r e  a number o f  
methods a v a i l a b l e  f o r  th e  s tu d y  of io n  p a i r  f o rm a t io n [116] bu t i t  appeared  
t h a t  i n  t h i s  p a r t i c u l a r  case  a sp e c tro p h o to m e tr ic  method would be most 
s u i t a b l e .  To o b ta in  th e  b e s t  p o s s ib le  r e s u l t s  by t h i s  method a c a r e f u l  
s e l e c t i o n  o f  an a p p r o p r ia te  w avelength  and o p t i c a l  d e n s i t y  range  i s  e s s e n t i a l .  
For t h i s  re a s o n  i t  was dec ided  to  c a r r y  ou t th e  o p t i c a l  d e n s i ty  measurements 
a t  a w aveleng th  a t  which on ly  one s p e c ie s  a b s o rb s .  I t  appeared  t h a t  f o r  
t h i s  purpose  th e  w aveleng th  \  = 350 m ji  i s  most s u i t a b l e  s in c e ,  acc o rd in g  
to  R ab inow itch  and S tockm ayer[11], who concluded t h a t  th e  complex F eC 1 0 ^ + 
does n o t e x i s t ,  th e  a b s o rp t io n  a t  t h i s  w avelength  i s  a lm ost e n t i r e l y  due 
to  Fe(0H)^+ . In  th e  fo l lo w in g  th e  assum ption  w i l l  be made t h a t  n e i t h e r  
th e  f e r r i c  io n  no r th e  io n  p a i r  absorb  a t  t h i s  p a r t i c u l a r  w aveleng th .
In  th e  ex p e r im en ta l  p rocedu re  adopted  f o r  th e  e v a lu a t io n  o f  th e  
a s s o c i a t i o n  c o n s ta n t  K , s o lu t i o n s  were p rep a red  c o n ta in in g  f e r r i c  p e r -
cl
c h l o r a t e , a t  a c o n c e n t r a t io n  c ^and v a ry in g  amounts o f  sodium p e r c h l o r a t e .
To keep th e  c o n c e n t r a t i o n  o f  th e  dimer F e ^ O H ) ^ *  [100 ,101 ,102 ,103 ]  as
low as p o s s ib le  a l a r g e  excess  o f  p e r c h l o r i c  a c id  (p) was a l s o  added to
2+t h e  s o l u t i o n s .  Assuming t h a t  only  the  FeClO^ io n  p a i r  i s  formed th e  
f o l lo w in g  e q u i l i b r i a  a r e  th u s  to  be c o n s id e re d :
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Fe5* + H O  Fe(0H)2+ + H+
Fe3+ + C 1 0 / “  FeCIO 2+4 4
The a s s o c i a t i o n  c o n s ta n t  i s  d e f in e d  by th e  e x p re s s io n
Ka = [PeC1042+] f 2/ [ P e 3+] [CIC^- ] (4 .1 )
where [CIO ] i s  th e  c o n c e n t r a t i o n  o f  f r e e  p e r c h l o r a t e .  The t o t a l  con-
c e n t r a t i o n  o f  i r o n ^ c ^ i n  th e  s o l u t i o n  i s  g iv e n  by
cq = [F e 3+] + [Fe(OH)2+] + [FeClO^2*] ( 4 . 2 )
By combining eqns , (4 , 1) and (3*39) w ith  ( 4 . 2 ) we have
[ P e p f q  = ooKhf 3/ ( h f 1f 2 + + Kah[CXC4' ]  f 3q 2 ) .  (4 .3 )
Let D be th e  o p t i c a l  d e n s i t y  o f  th e  s o lu t i o n  measured a t  a wave­
le n g th  a t  which on ly  th e  s p e c ie s  Fe(0H)2+ ab so rb s ;  th e n  from th e  Lambert-
Beer Law, f o r  c e l l s  o f  1 cm. p a th - l e n g th ,  we have
DA = £FeOH^ Fe(OH)2H1
Q |
S u b s t i t u t i n g  f o r  [Fe(OH) ] from eqn. (4 .3 )  and r e a r r a n g in g  i t  fo l lo w s  
t h a t
f „  /  l c  4 \  4 K [ C I O / ]  f . f ,
— —2— I — s. _  — 1— \  _  - — 1---------  +  s  4-----------1—2. ( 4 , 5 )
h f 1f 2 1 I) CFeOH J  £FeOHKh £FeOH \  f 2
P u t t i n g
a = ( f 3/ h f 1f 2 ) [ ( i c 0/D) -  i / £ FeoHl  ( 4 ‘6)
i t  fo l lo w s  th e r e f o r e  t h a t
d = 1/ £FeOH + Ka^C1°4  ^ f 1f 3^CFeOHKhf 2 
Thus a p l o t  o f  d a g a in s t  [C10^“ ] f / ^ / ^  shou ld  y i e l d  a s t r a i g h t  l i n e
which can be used to  e v a lu a te  K .
cl
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The c o n c e n t r a t io n  o f  f r e e  p e r c h l o r a t e ^ [ c i O ^ J ^ i s  g iven  by 
[C104“ ] = [tta+] + p + 3oo -  [PeC1042+] (4 . 8 )
With th e  a id  o f  eqns. (4 . 2 ) , ( 4 . 3 ) ,  (4 .4 )  and (3.39) eqn. ( 4 . 8 ) may be pu t 
i n  th e  form
[C104_ ] = [Ha+] + p + 3oo + ( i t / l  Cpe0H) [ l  + h f ^ / K ^ ] .  (4 . 9 )
U sing  th e  e l e c t r o n e u t r a l i t y  c o n d i t io n ,  i t  can be r e a d i l y  shown th a t  th e
hydrogen io n - c o n c e n t r a t io n s  and io n i c  s t r e n g t h  of th e  s o lu t i o n s  can be 
ex p re s se d  by
h = p + D / l£ FeQH (4 .1 0 )
and
I  = [Na+] + 3oq + p + (D /lEpe0H) [ l  + (p + (4 .11 )
The a c t i v i t y  c o e f f i c i e n t s  were c a l c u l a t e d  by means o f  the  Davies 
e q u a t io n [7 8 ]  g iv en  by ( 2 .3 2 ) ,
To o b ta in  s u f f i c i e n t l y  l a rg e  o p t i c a l  d e n s i ty  v a lu e s  fo u r  cm. c e l l s  
were used  and measurements were c a r r i e d  o u t  a t  ^ = 350 mH . The o p t i c a l  
d e n s i t y  re a d in g s  o b ta in e d  a r e  re p o r te d  in  Table  4 .1 .
In  o rd e r  to  e v a lu a te  th e  a s s o c i a t i o n  c o n s ta n t  K , th e  hydrogen io n -
E l
c o n c e n t r a t i o n  o f  th e  s o l u t i o n  was f i r s t  pu t eq u a l  to  th e  c o n c e n t r a t io n  of 
p e r c h l o r i c  a c id  added and th e  f r e e  p e r c h l o r a te  c o n c e n t r a t io n ,  [C10^ ] ,  was 
ta k e n  as th e  t o t a l  c o n c e n t r a t io n  o f  p e r c h l o r a t e .  The io n i c  s t r e n g t h  was 
ro u g h ly  e s t im a te d  by means o f  eqn. (4 .1 1 )  u s in g  a v a lu e  o f  £-peQg o b ta in ed  
from th e  d a ta  o f  R abinow itch and S tockm eyer[11], From a  p l o t  o f  d a g a in s t  
[ c i o 4' ] f 1f 3/ f 2 an approxim ate  v a lu e  o f  th e  i n t e r c e p t  ( 1/ ^ p eQjj^^) was found
-153-
and a b e t t e r  v a lu e  f o r  £-peQg computed u s in g  th e  v a lu e [ l0 2 ]  = 6 ,7  x 10” ^. 
More a c c u r a te  v a lu e s  o f  [CIO^ ] ,  h, and I  were then  e v a lu a te d  by means of 
eqns .  (4 . 9 ) , ( 4 .1 o ) , and ( 4 . 11 ) r e s p e c t i v e l y .  This p ro c e ss  of s u c c e ss iv e  
app rox im ations  was r e p e a te d  u n t i l  c o n s ta n t  v a lu e s  of th e  s lo p e  and i n t e r ­
c e p t  were o b ta in e d .  In  th e  l a s t  few app rox im ation  c y c le s  th e  method of 
l e a s t  sq u a re s  was employed f o r  th e  e v a lu a t io n  o f  th e  s lo p e  and in te r c e p t*  
The r e s u l t s  o f  th e s e  c a l c u l a t i o n s  a re  summarised in  Table 4.1 and r e ­
p re s e n te d  g r a p h i c a l l y  i n  F ig ,  4 .1 .
Although th e  p r e c i s i o n  a t t a i n e d  by t h i s  method i s  poor i t  i s  
comparable w ith  t h a t  a t t a i n e d  by S y k es[106,107] and H o rn e [ l1 7 ] .  However,
th e  p r e s e n t  v a lu e  f o r  K i s  c o n s id e ra b ly  low er th a n  th e  v a lu e  7 -1 4 .9  quoteda
by S y k es [106,107] b u t  i t  a g ree s  f a i r l y  w ell  w ith  th e  v a lu e s  0 .6 -6  and 
0.475 quoted  by H orne[l12 ] and S u t to n [ l0 5 ]  r e s p e c t i v e l y .  I t  a p p ea rs ,  
t h e r e f o r e ,  t h a t  i f  th e  io n  p a i r  e x i s t s  a t  a l l  th e  a s s o c i a t i o n  c o n s ta n t  
sho u ld  n o t  be g r e a t e r  th a n  1 .2 .  This v a lu e  i s  s u f f i c i e n t l y  sm all to  
d i s r e g a r d  th e  p resen ce  o f  t h i s  s p e c ie s  i n  a l l  app ro x im a tio n s .
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S E C T I O N  V
MAGNETIC MEASUREMENTS
-157-
As a l r e a d y  m entioned W illiam s[52] s tu d ie d  th e  a b s o rp t io n  s p e c t r a  
o f  a number o f  f e r r i c  complexes in c lu d in g  f e r r i c  s a l i c y l a t e #  He con­
c luded  t h a t  the  a b s o rp t io n  spectrum  o f  t h i s  complex i n  th e  v i s i b l e  re g io n
i s  due to  a t r a n s i t i o n  o f  an e l e c t r o n  from th e  t^  to  th e  e l e v e l  and t h a t2 g g
th e  complex c o n ta in s  f i v e  u n p a ire d  e l e c t r o n s .  S ince  th e  a b s o rp t io n  bands 
o f  th e  - s u b s t i tu t e d  complexes, measured i n  th e  v i s i b l e  re g io n  (see  F ig s .  
3 .1 2 ,  3 . 13 , 3*14, 3*15 and 3 .1 6 ) ,  a r e  v e ry  s im i l a r  to  t h a t  o f  th e  f e r r i c  
s a l i c y l a t e  ( s e e  F ig .  3 .11) i t  i s  r e a s o n a b le  to  assume t h a t  a l l  th e s e  com­
p le x e s  c o n ta in  f i v e  u n p a ire d  e l e c t r o n s .  I t  appea red , t h e r e f o r e ,  worth­
w h ile  to  v e r i f y  t h i s  c o n c lu s io n  by m agnetic  m easurements. U n fo r tu n a te ly  
n e i t h e r  f e r r i c  s a l i c y l a t e  nor the  s u b s t i t u t e d  f e r r i c  s a l i c y l a t e s  can be 
o b ta in e d  i n  th e  s o l i d  s t a t e ,  and m agnetic  measurements had to  be c a r r i e d  
ou t on s o l u t i o n s .  For t h i s  purpose 3 - n i t r o - s a l i c y l i c  a c id  was chosen 
as  t h i s  g iv e s ,  w ith  th e  f e r r i c  io n ,  th e  l a r g e s t  amount o f  complex a t  a 
g iv e n  pH. The s o l u t i o n  o f  th e  complex (0 ,0940 m o l e / l . )  was p rep a red  by 
m ixing equa l  volumes o f  equ im olar  s o lu t i o n s  o f  f e r r i c  p e r c h lo r a te  and th e  
mono-sodium s a l t  o f  3 - a i t r o - s a l i c y l i c  a c i d .  To t h i s  s o lu t i o n  sodium
-3hydrox ide  was added to  reduce  th e  hydrogen io n - c o n c e n t r a t io n  to  1 x 10 ,
At t h i s  hydrogen io n - c o n c e n t r a t io n  w e ll  over 99^ complex fo rm a tio n  o c c u rs .  
M agnetic s u s c e p t i b i l i t y  measurements were c a r r i e d  out by means of a Gouy 
b a l a n c e [ l 18] a t  th r e e  f i e l d  s t r e n g t h  and a t  room tem p era tu re  (20°C).
The m agnetic  s u s c e p t i b i l i t y  o f  a su b s tan ce  i s  m ain ly  determ ined 
by th e  number o f  u n p a ire d  e l e c t r o n s  p e r  u n i t  volume o f  th e  su b s ta n c e .
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However, t h i s  i s  e f f e c t i v e l y  reduced by th e  opposing d iam agnetic  e f f e c t s  
a r i s i n g  from th e  p a i r e d  e l e c t r o n s  p r e s e n t  i n  the  system . I t  was, t h e r e ­
f o r e ,  n e c e s s a ry  to  a l low  f o r  t h i s  e f f e c t  by e v a lu a t in g  th e  "d iam agnetic  
c o r r e c t i o n  term" f o r  th e  s o lv e n t ,  th e  g la s s  and th e  l i g a n d .  The c o r r e c t io n  
te rm  due to  th e  s o lv e n t  and th e  g la s s  was found by m easuring th e  m agnetic 
s u s c e p t i b i l i t y  o f  a s o lu t i o n  which c o n ta in e d  on ly  p e r c h l o r i c  a c id  and 
sodium p e r c h l o r a te  a t  e x a c t ly  th e  same c o n c e n t r a t io n  as  t h a t  i n  th e  s o lu t i o n  
o f  th e  complex. The m agnetic  measurements were c a r r i e d  out a t  th e  same 
f i e l d  s t r e n g t h s  as used b e f o r e .  The d iam agnetic  c o r r e c t i o n  due to  the  
l i g a n d  i t s e l f  was e v a lu a te d  from P a s c a l ’s c o n s t a n t s [ l 19 ]•
The e f f e c t i v e  m agnetic  moment ( i n  Bohr magnetons) o f  th e  m etal 
io n  i n  th e  complex a t  T°K was c a l c u la te d  from th e  form ula
= 2 .84  (%A T )2
where , X . i s  th e  atom ic s u s c e p t i b i l i t y  o f  th e  f e r r i c  io n .  A
( 5 . 1)
The e x p e r im en ta l  o b s e rv a t io n s  show t h a t  the  m agnetic moment o f  
th e  i r o n  i n  th e  complex a t  20°C. i s  5 .8  Bohr magnetons. This v a lue  i s
i n  good agreement w ith  th e  t h e o r e t i c a l  v a lu e  5.92 f o r  f i v e  u n p a ire d
e l e c t r o n s  g iven  by th e  s p in  on ly  form ula
(i = [ n 1 (n '+  2 ) ] 2 (5 .2 )
where n ’ i s  th e  number o f  u n p a ire d  e l e c t r o n s .  This r e s u l t  confirm s
W ill iam s1s co n c lu s io n
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S E C T I O N  VI
CALORIMETRIC DETERMINATION OF THE 
HEAT OF COMPLEX FORMATION
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For a s a t i s f a c t o r y  i n t e r p r e t a t i o n  o f  th e  e f f e c t  o f  s u b s t i t u e n t s  on 
th e  s t a b i l i t y  o f  complex compounds i n  g e n e ra l  and f e r r i c  s a l i c y l a t e s  in  
p a r t i c u l a r ,  a knowledge o f  th e  e n th a lp ie s  and e n t ro p ie s  o f  complex fo rm ation  
i s  e s s e n t i a l *  U n fo r tu n a te ly ,  w ith  th e  e x ce p tio n  o f  f e r r i c  s a l i c y l a t e ,  
p e r t i n e n t  d a ta  a re  n o t  a v a i l a b l e .  The h e a t  o f  fo rm a t io n  o f  th e  l a t t e r  was 
de te rm ined  b o th  s p e c t ro p h o to m e t r ic a l ly  and p o t e n t io m e t r i c a l l y  by Agren[38] 
u s in g  th e  van* t Hoff r e a c t i o n  i s o c h o re .  S ince  t h i s  method i s  based upon th e  
assum ption  th a t  A H  i s  independen t o f  te m p era tu re  and s in c e  the  v a r i a t i o n s  o f  
e q u i l ib r iu m  c o n s ta n t s  w ith  tem p era tu re  a r e  sm a l l ,  th e  accu racy  o f  th e  method 
i s  n o t  v e ry  good. For t h i s  reaso n  c a l o r im e t r i c  measurements o f  th e  h e a t  
complex fo rm a t io n  a r e  much to  be p r e f e r r e d  and a r e  now w ide ly  used .  Thus 
D avies , S in g e r ,  and S ta v e l e y [ 120] u s in g  a c a lo r im e te r  which was s im i la r  i n  
d e s ig n  to  t h a t  d e sc r ib e d  by P i t z e r [ l 2 l ]  and capab le  o f  d e t e c t i n g  tem pera tu re  
changes o f  5 x 10 C, measured the  h e a t s  o f  fo rm a t io n  o f  e thy lened iam ine  
complexes o f  a number o f  b iv a l e n t  c a t io n s ,  These w orkers determ ined  th e  
h e a t  o f  complex fo rm a t io n  between th e  m e ta l and amine. From a knowledge of 
th e  s u c c e s s iv e  s t a b i l i t y  c o n s ta n t s ,  th ey  succeeded  i n  de te rm in in g  th e  h e a ts  
o f  th e  s u c c e s s iv e  s te p s  i n  th e  fo rm a t io n  o f  the  e thy lened iam ine  complexes, 
La tim er  and J o l l y [ l 2 2 ] ,  u s in g  the  same type  o f  c a lo r im e te r ,  determ ined  th e  
h e a t s  o f  th e  s u c c e s s iv e  s te p s  i n  th e  fo rm a t io n  o f  aluminium f l u o r i d e  com­
p le x e s .  However, i n  th e  d e te rm in a t io n  o f  th e  e n th a lp y  changes, n e i t h e r  
th e se  n o r  o th e r  w o rk e rs [123 ,124 ,125 f 126] have e x t r a p o la t e d  t h e i r  r e s u l t s  to  
i n f i n i t e  d i l u t i o n  o r  zero  io n i c  s t r e n g t h ,  In  most c a s e s [ 120,122,125] the  
s e n s i t i v i t y  o f  th e  c a lo r im e te r s  were much too  sm all
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to  d e t e c t  th e  h e a t  e f f e c t s  due to  d i l u t i o n .
In  g e n e ra l  th e  d e te rm in a t io n  o f  the  h e a t  o f  complex fo rm a t io n ,  
w hether  c a r r i e d  out by d i r e c t  o r  i n d i r e c t  methods, i s  somewhat com plica ted  
by th e  occu rren ce  o f  s im u ltaneous  s id e  r e a c t i o n s .  Thus, i n  th e  case  o f  
f e r r i c  s a l i c y l a t e s ,  a knowledge o f  th e  h e a t s  o f  the  two i o n i s a t i o n  s ta g e s  
o f  th e  r e s p e c t i v e  a c id s  as w e l l  as th e  h e a t  o f  h y d ro ly s i s  o f  th e  f e r r i c  io n  
i s  r e q u i r e d .  U n fo r tu n a te ly  th e  h e a t s  o f  i o n i s a t i o n  f o r  th e  s u b s t i t u t e d  
a c id s  have n o t  been r e p o r te d  p re v io u s ly  and had, t h e r e f o r e ,  to  be measured 
i n  th e  p r e s e n t  work. S ince  th e  two d i s s o c i a t i o n  s ta g e s  o f  th e s e  a c id s  do 
n o t  o v e r la p  t o  any a p p re c ia b le  e x t e n t ,  i t  i s  c l e a r  t h a t  the  h e a t s  o f  th e  two 
i o n i s a t i o n  s ta g e s  can be de term ined  s e p a r a t e ly  by a s u i t a b l e  ad justm en t o f  
th e  pH o f th e  s o l u t i o n s .  However, w ith  tn e  e x ce p t io n  o f  th e  n i t r o - s u b -  
s t i t u t e d  a c id s ,  th e  second d i s s o c i a t i o n  c o n s ta n t s  o f  th e se  a c id s  a re  so 
sm all  t h a t  th e  measurement o f  th e  h e a t  e f f e c t s  i s  n o t  p o s s ib le  under con­
d i t i o n s  o f  com plete d i s s o c i a t i o n  and th u s  h igh  p r e c i s i o n  cannot be expec ted  
h e r e .
For a r e l i a b l e  d e te rm in a t io n  o f  th e  h e a t  e f f e c t s  by means o f  th e  
c a l o r im e te r  d e s c r ib e d  i n  S e c t io n  I ,  th e  tim e r e q u i r e d  f o r  th e  r e a c t i o n  to  
ta k e  p la c e  shou ld  be as s h o r t  as  p o s s i b l e .  S ince  th e  o rg an ic  a c id s  them­
s e lv e s  a r e  n o t  r e a d i l y  s o lu b le ,  a l l  c a l o r im e t r i c  measurements were c a r r i e d  
ou t u s in g  t h e i r  r e s p e c t iv e  mono-sodium s a l t s  which d is s o lv e  alm ost i n s t a n ­
ta n e o u s ly ,  The h e a t  o f  d i s s o l u t i o n  o f  th e s e  s a l t s  must a l s o  be allowed 
f o r .
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The t h e o r e t i c a l  b a s i s  o f  th e  p rocedure  adopted  i n  th e  p re s e n t  work 
f o r  th e  d e te rm in a t io n  of  th e  r e s p e c t iv e  e n th a lp y  changes i s  g iven  below*
THEORETICAL
D ete rm in a t io n  o f  th e  h e a t  o f  th e  f i r s t  and 
second s ta g e s  of i o n i s a t i o n
L et ¥  be th e  amount o f  s a l t  d is s o lv e d  i n  100 ml. o f  th e  c a lo r im e te r  
s o l u t i o n  and q th e  co rresp o n d in g  amount of h e a t  l i b e r a t e d .  The fo llo w in g  
e q u i l i b r i a  have to  be ta k en  in t o  accoun t:
( 1 ) lda.HL (5)  v  N& (oj[) +  H L "  A H g
(2) HL" + H+ ± = ^  h2l ; _ A h
(3) HL“ L2 -  + H+ ,“ A h2
( 4 ) 0H“  + H+ r f r ~> h20 ; AH
where A H  i s  th e  heax: o f  s o l u t i o n  o f  th e  mono-sodium s a l t ,  A h , ands ’ 1
A  a r e  th e  h e a t s  o f  th e  f i r s t  and second s ta g e s  o f  i o n i s a t i o n  r e s p e c t iv e l y ,
and A H  i s  th e  h e a t  o f  n e u t r a l i z a t i o n .  In  accordance w ith  conven tion  a l l  n
th e  e n th a lp y  changes r e f e r  to  u n i t  amount o f  chem ical r e a c t i o n .
S ince  th e  monc-sodium s a l t  i s  a s t r o n g  e l e c t r o l y t e  i t  d i s s o c i a t e s  
co m p le te ly  i n  th e  s o lu t i o n  so t h a t  the  i n i t i a l  c o n c e n t r a t io n  of HL can be 
assumed to  be equal to  t h a t  o f  th e  s a l t  c » Let q^ , q^, q^» and q^ r e p r e s e n t  
th e  p a r t i a l  h e a t  e f f e c t s  due to  s ta g e s  ( l ) ,  ( 2 ) ,  ( 3 ) f and ( 4 ) r e s p e c t iv e l y ,
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th e n
q = q., + q2 + q3 + q4 (6 . 1)
In  d e r iv in g  th e  above e q u a t io n  d i l u t i o n  e f f e c t s  were n e g le c te d ,  as  the  
s e n s i t i v i t y  o f  th e  in s tru m e n t  i s  much too  sm all  f o r  th e s e  e f f e c t s  to  be 
d e t e c te d .
The m agnitude o f  th e  p a r t i a l  h e a t  e f f e c t s  c l e a r l y  depends upon th e  
e x te n t  o f  th e  i n d i v id u a l  s t e p s .  E x p ress ing  th e  amount o f  r e a c t i o n  f o r  each 
s t e p  i n  te rm s o f  th e  changes i n  th e  c o n c e n t r a t io n  o f  th e  r e s p e c t iv e  s p e c ie s  
we have th e r e f o r e
q, = & H s C x 10~1 , (6 .2 )
q 2  = - A H , ,  [H2L] x 10"1 , ( 6 . 3 )
q_ = A H 2 [L2- ]  x 10_1 , ( 6 . 4 )
q4 = A H n ([0H‘ ] o -  [OH- ] )  x 10~1 . (6 .5 )
In  th e  above e q u a t io n s  [OH ] and [OH ] a re  th e  i n i t i a l  and f i n a l  
hydroxy l io n - c o n c e n t r a t io n s  r e s p e c t iv e l y ;  c denotes  th e  s to ic h io m e t r ic  
c o n c e n t r a t i o n  o f  NaHL and can be shown to  be g iv en  by
c = W x 10/M (6 .6 )
where M i s  th e  m o lecu la r  w eigh t o f  NaHL.
S u b s t i t u t i n g  f o r  q^ , q2 , q^ and q^ i n t o  eqn. (6 ,1 )  i t  fo llow s 
t h e r e f o r e  t h a t
10q = A H g 0 -  A H ^ H ^ ]  + A H 2[ l 2“ ] + A H ^ ([0H- ] o -  [OH- ]) (6 .7 )
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S ince  th e  two i o n i s a t i o n  s ta g e s  o f  th e  a c id s  a r e  w ide ly  s e p a ra te d ,  the 
above e q u a t io n  can be c o n s id e re d  under two s e t s  o f  c o n d i t io n s ,
I ,  F o r  s u f f i c i e n t l y  a c id  media th e  term s [L ’ ] and < [0H~] -[OH- ] )  a re  
n e g l i g i b l e  so t h a t  eqn, ( 6 . 7 ) s i m p l i f i e s  to
10q = A H gc -  A H 1 [Hgh] (6 .8 )
By combining eqns. ( 2 .1 7 ) and (2 ,1 8 )  w ith  (2 .2 1 )  i t  can be shown th a t
[HgL] = h2f 2f 2o / ( h 2f 2f 2 + h f 2Kj + K jK p  ( 6 . 9 )
which i n  view o f  c o n d i t io n  ( 2 .7 )  s i m p l i f i e s  to
[HgL] = h f 2o / ( h f 2 + K j) (6 .10 )
S u b s t i t u t i n g  t h i s  i n  eqn. (6 ,8 )  we have
1Oq/c = A H S -& H , h f 2/(K.| + h f 2 ) (6 .11 )
2 2Hence i f  10q/c i s  p l o t t e d  a g a in s t  h f^ /(K j + h f ^ ) a s t r a i g h t  l i n e  should
r e s u l t  whose s lo p e  and i n t e r c e p t  can be used  to  c a l c u l a t e  A H . and A H  ,1 s
I I .  I n  s u f f i c i e n t l y  a l k a l i n e  media [ h ^ l ]  i s  n e g l ig ib l e  and th u s  eqn. 
( 6 . 7 ) ta k e s  th e  form:
10q = A H  c + A H 0[L2~] + A H  ([OH"] -  [OH’ ] )  (6 .12 )
S c .  n o
L et b r e p r e s e n t  th e  s to ic h io m e t r i c  c o n c e n t r a t io n  o f  th e  sodium
hydrox ide  i n  th e  c a l o r im e t r i c  s o lu t i o n ,  th en  s in c e  h and [H^L] a re
n e g l i g i b l e
b + c = [OH’ ] + 2[L2’ ] + [HL“ ] (6 .13 )
and
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o = [L2- ]  + [ hl- ] (6 .14 )
Hence
[L2 - ] = t  -  [ oh“ ] (6 .15 )
S u b s t i t u t i n g  t h i s  v a lue  i n t o  eqn, (6 ,1 2 )  i t  fo l lo w s  t h a t
10q/c = A H  + ( A  H_ + A H  ) (b  -  [0 H " ] ) /c  (6 .16 )s c. n
where, s in c e  sodium hydrox ide  i s  a s t r o n g  e l e c t r o l y t e ,  [OH ] has been pu t 
e q u a l  to  b . Eqn, (6 .1 6 )  can be used  to  c a l c u l a t e  A H ^ p rov ided  A H ^  i s  
known.
D e te rm in a t io n  o f  th e  h e a t  o f  complex fo rm a tio n
As b e fo re  l e t  ¥ be th e  amount o f  NaHL. d is s o lv e d  in  100 ml, o f  
f e r r i c  p e r c h l o r a t e  s o lu t i o n  and q th e  co rre sp o n d in g  amount o f  h e a t  l i b e r a t e d .  
S ince  a t  th e  t o t a l  c o n c e n t r a t io n  o f  f e r r i c  p e r c h l o r a te  and i n  th e  pH range 
employed, th e  c o n c e n t r a t io n s  o f  th e  OH , Pe (0H)2+ , and Fe2 (0H)2^+ s p e c ie s  
a r e  n e g l ig ib le ! ]  100,101 ,1 0 2 ,1 0 3 ] ,  th e  fo l lo w in g  e q u i l i b r i a  have to  be 
co n s id e re d
(1) KkriL ( s )  ■— N& (oQ) * HL  (
i 1 '
r- Hj j A  Hg
(2) H+ + HL-  r —*• h2l ,* - A h ,
(3 )
11w L2"  + H+ ; A h2
(4) Pe3+ + L2 FeL4" ; A h
(5) Pe5+ + h2o —- r Pe(0H)2+ + H+ A H h
where A  H i s  th e  h e a t  o f  complex fo rm a t io n ,  A .  i s  th e  h e a t  o f  h y d ro ly s is  j 
o f  th e  f e r r i c  io n ,  and a l l  o th e r  symbols have t h e i r  u s u a l  s ig n i f i c a n c e .
L et <L| » <12 * • * %  r e p r e s e n t  th e  p a r t i a l  h e a t  e f f e c t s  due to  
s t a g e s  ( l ) ,  ( 2 ) . . . ( 5 ) r e s p e c t i v e l y ,  th e n  j
H ^  + q2 + q* + q4 + q5 . (6 . 17) |
|
E x p re s s in g  th e  amount o f  r e a c t i o n  f o r  each s t e p  in  te rm s o f  th e  changes i n  ! ! 
th e  c o n c e n t r a t i o n  o f  th e  r e s p e c t iv e  s p e c ie s  and n o t in g  t h a t  under th e  g iven  j , 
e x p e r im en ta l  c o n d i t io n s  r e a c t io n s  ( 3 ) and ( 4 ) ta k e  p la c e  to  th e  same e x t e n t /  
we have f i r s t
= A H s e x 1 0 - 1 { 6 .1 8 )
= - A h ,  [ h 2l ]  x  1 0 " 1 ( 6 . 1 9 )
A H 2 c x 10- 1 (6 . 20 )
A h  o ,  x 10-1 (6 . 21)
= A H h ( [Pe(OH)2+]-[Fe(O H )2 f ] o 5 X 10"1 (6 .22 )
and th e r e f o r e
%  = A H s ° -  A H ,[H 2L] + A H 2o , + A  He', + [Fe(0H )2+] -
[Fe(OH)2+] Q) (6 .23 )
In  th e  above e q u a t io n  [Fe(OH) ] and [Fe(0H )2+] r e p r e s e n t  th e  oonoen-
t r a t i o n s  o f  Fe(OH) i n  th e  s o lu t i o n  o f  f e r r i c  p e r c h lo r a te  b e fo re  and a f t e r  
a d d i t i o n  o f  th e  mono-sodium s a l t  r e s p e c t i v e l y ,  c i s  th e  c o n c e n t ra t io n
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o f  th e  complex and c i s  th e  s to ic h io m e t r i c  c o n c e n t r a t io n  o f  th e  sodium s a l t .
Let c q he th e  s to ic h io m e t r i c  c o n c e n t r a t io n  o f  i r o n  i n  th e  f e r r i c  
p e r c h l o r a t e  s o l u t i o n ,  th e n
CQ = [F e 3+] + [Fe(0H )2+] + o, (6 .24 )
and
c = [ h2L] + [HL"] + c 1 (6 .25)
2s in c e  h e re  [ l ] i s  n e g l i g i b l e  compared w ith  a l l  th e  o th e r  te rm s .  By-
combining th e  above e q u a t io n s  w ith  eqn, (3 .3 9 )  i t  can be shown t h a t  
[ h2l ] = (o -  o , )  h f 2/ (E j  + h f 2 ) , (6 .26 )
[HL- ] = (o -  o , ) KjAK,' + h f 2 ) , (6 .27 )
[L2 - ] = (c -  o , )  K jK '/ tK j + h f 2 )h f 2 , (6 .28 )
[F e 5*] = (c o -  c ^ h f ^ A K ^  + h f , f 2 ) , (6 .29 )
and
[Fe(0H )2+] = ( oq -  o , )  l y y t K j f ^  + h f , ^ )  (6 .30 )
I n  th e  absence o f  complex fo rm a t io n  c^ = 0 and eqn, (6 .3 0 )  becomes
[Fe(0H )2+] Q = Oq Kh f ^ A ^ f j 0 + h f , 0! / )  (6 *51)
where h i s  the  hydrogen io n - c o n c e n t r a t io n  and f ,  ° ,  f  ° and f_ °  a re  th e  o 1 2 3
a c t i v i t y  c o e f f i c i e n t s  o f  th e  s in g ly ,  doubly , and t r i p l y  charged ions  
r e s p e c t i v e l y  i n  th e  o r i g i n a l  c a l o r im e t r i c  s o lu t i o n  o f  f e r r i c  p e r c h l o r a t e ,
O
S u b s t i t u t i n g  f o r  [Fe(OH) +] ,  [Fe(OH) +] Q» and [H2L] from eqns.
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(6 .30 )*  (6 .31)»  and (6*26) r e s p e c t i v e l y  i n t o  eqn. ( 6 , 23 ) and r e a r r a n g in g  
i t  fo l lo w s  th e r e f o r e  t h a t
101 + A H 1 (0 - Cl K  _ A H h I -  °1>V, ° o ¥ , °  ' I
o(K| + h f ^ )2 \  0 (Kh f 5 + h f i f 2 ) (Kh f°5+h f ° f °  ) A
A h  + ( A h  + A h , )  c . / e  ( 6 . 32)S <L I
P u t t i n g
r =  10a  + A H1(c -  ° i  ) h f i _ A %
o ( K -  +  h f 2 )  0  I  ( K . f _ + h f  f  )  ( K h f ° + V l f P
f  (a o ~ Cl \ f 3 _ ° o V . °
I  (Khf 3+ h f i f 2 ) (' Kh f 3+hof 1 f 2
(6 .33 )
we have
t  = A h s + ( A h  + A h 2 ) c 1 / c , ( 6 . 34)
Prov ided  t h a t  A h , ,  A , and A Hh a re  known eqn. (6 .3 4 )  may be used to  
c a l c u l a t e  A h .
RESULTS AND DISCUSSION
Determination of the heat of formation 
of ferric salicylate
To t e s t  th e  r e l i a b i l i t y  o f  th e  method d e sc r ib e d  above s a l i c y l i c  
a c id  and f e r r i c  s a l i c y l a t e  were chosen . To determ ine th e  h e a t  of th e  
f i r s t  s ta g e  o f  i o n i s a t i o n  o f  t h i s  a c id  v a ry in g  amounts o f  mono-sodium s a l i ­
c y l a t e  were d i s s o lv e d  i n  100 ml. o f  the  c a l o r im e t r i c  s o l u t i o n  c o n ta in in g
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v a ry in g  amounts o f  p e r c h l o r i c  a c id .  The amount o f  h e a t  l i b e r a t e d  was
measured as  d e sc r ib e d  i n  S e c t io n  I ,  The r e s u l t s  o f  th e s e  measurements
a r e  g iv en  i n  Table 6 ,1 .
The hydrogen io n - c o n c e n t r a t io n s  o f  th e  ex p er im en ta l  s o lu t i o n s  were 
c a l c u l a t e d  by means o f  th e  e l e c t r o n e u t r a l i t y  p r i n c i p l e .  S in c e ,  i n  th e  
p r e s e n t  c a s e ,  c = [Na+] ( th e  mono-sodium s a l t  b e in g  com ple te ly  d i s s o c ia t e d )  
th e  e l e c t r o n e u t r a l i t y  p r i n c i p l e  assumes th e  form
h + c = [HL ] + p (6 .35 )
where, as b e fo r e ,  p i s  th e  s to ic h io m e t r i c  c o n c e n t r a t io n  of p e r c h lo r i c  a c id
added. S u b s t i t u t i n g  f o r  [EL ] from eqn. (2 .1 9 )  and r e a r r a n g in g  we o b ta in  
2h = - ( K j f ^  + o -  p )  + [ ( K | f ^  + o -  p ) 2 +. ^ p K j / f 2 F  (6 .36 )
The io n i c  s t r e n g t h  o f  th e  s o lu t i o n s  i s  g iven  by 
I  -  i  (p + h + [HL"] + c)  (6 .37 )
and hence , by comparison w ith  eqn. (6 .35 )
I  = h + c (6 .38 )
The a c t i v i t y  c o e f f i c i e n t s  were c a l c u l a t e d  by means o f  the  Davies 
e q u a t io n [7 8 ] .
The hydrogen io n - c o n c e n t r a t io n s  were computed by s u c c e s s iv e  ap p ro x i­
m ations w i th  th e  a id  o f  eqns. (6 .3 6 )  and ( 6 .3 8 ) .  For t h i s  purpose h was 
f i r s t  p u t  equa l  to  p and a  rough v a lu e  of th e  io n ic  s t r e n g t h  was o b ta in ed  
from eqn. ( 6 .3 8 ) .  This  was then  used to  e v a lu a te  th e  r e q u i s i t e  a c t i v i t y  
c o e f f i c i e n t s  and su b se q u e n tly  an approxim ate  v a lu e  of h by means o f
eqn. ( 6 .3 5 ) .  The p ro c e ss  o f  s u c c e s s iv e  approx im ations  was con tinued  u n t i l
- 1 7 0 -
c o n s ta n t  v a lu e s  o f  h and I  were o b ta in e d .  I n  th e se  c a l c u l a t i o n s  th e  va lue
1 .064 x 10 was adopted f o r  Kj [63a]*
The r e s u l t s  o f  th e s e  c a l c u l a t i o n s  a r e  g iven  i n  Table 6,1 to g e th e r  
2 2w ith  th e  v a lu e s  o f  h f >j/(K.j + hf^ ) r e q u i r e d  f o r  th e e v a lu a t io n  o f  and
H , The l a t t e r  were computed by ap p ly in g  th e  method o f  l e a s t  squares
E>
to  eqn, ( 6 ,1 l ) .  To a s s e s s  th e  p r e c i s i o n  o f  th e  c a l o r im e t r i c  measurements 
th e  s ta n d a rd  d e v ia t io n s  an<^  OAilq were a l s o  c a l c u l a t e d , [79] The
r e s u l t s  o f  th e s e  com putations a r e  a l s o  shown in  Table 6,1 and i l l u s t r a t e d  
i n  F ig ,  6 .1 ,  Judging  by th e  s ta n d a rd  d e v ia t io n s  (1 -  2°fo), p r e c i s i o n  
a t t a i n e d  h e re  i s  q u i t e  s a t i s f a c t o r y ,  i n  s p i t e  o f  th e  f a c t  t h a t  th e  h e a t  
e f f e c t s  due t o  th e  f i r s t  s ta g e  of i o n i s a t i o n a r e  so sm all  and h e a t  e f f e c t s  
due to  d i l u t i o n  have been n e g le c te d .
To d e te rm ine  the  h e a t  o f  th e  second s ta g e  of i o n i s a t i o n  o f  s a l i c y l i c  
a c i d ,  v a ry in g  amounts of mono-sodium s a l i c y l a t e  were d i s s o lv e d  in  a 100 ml, 
o f  th e  c a l o r im e t r i c  s o l u t i o n  c o n ta in in g  v a ry in g  amounts of sodium h yd rox ide .  
The r e s u l t s  o f  th e  c a l o r im e t r i c  measurements a re  shown in  Table 6 ,2 ,
S ince  [Na+] = b + c, th e  io n i c  s t r e n g t h  o f  th e  s o lu t i o n s  i s  g iven
by
I  = i  (b + o + 4[L2 - ] + [HL- ] + [OH- ] )  (6 .39 )
and hence , by com parison w ith  eqns. ( 6 .1 j )  and (6 .14 )
I  = 2b + c -  [OH"] (6 .40 )
The a c t i v i t y  c o e f f i c i e n t s  were c a l c u l a t e d ,  as  b e fo re ,  by means
of th e  D avies e q u a t io n [7 & ] .
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The hydroxy l i o n - c o n c e n t r a t io n  o f  th e  s o lu t io n s  was computed by
s u c c e s s iv e  app rox im ations  u s in g  eqn. ( 6 .1 5 ) ,  s u i t a b l y  m odified  by sub- 
2s t i t u t i n g  f o r  [L ] from eqn. ( 2 ,2 0 ) ,  thus
2[0H“ ] = + c — b) + [ ( K ^ / f c ' f *  + 0 -  b ) 2 + *
(6 .41 )
Rough v a lu e s  f o r  th e  r e q u i s i t e  a c t i v i t y  c o e f f i c i e n t s  were c a l c u la te d  
by p u t t i n g  f i r s t  b = [OH ] .  A b e t t e r  v a lu e  f o r  th e  hydroxyl ion-concen­
t r a t i o n  was th e n  found by means o f  eqn. ( 6 .4 0 ) .  The p ro cess  o f  s u c c e ss iv e  
app rox im ations  was co n t in u ed  u n t i l  c o n s ta n t  v a lu e s  o f  I  and [OH ] were 
o b ta in e d ;  a l l  th e s e  c a l c u l a t i o n s  were c a r r i e d  out u s in g  th e  v a lu es[6 3 a ]
= 2 .56  x 10’ 14 and[81 ] = 1.008 x 10“ U .
The r e s u l t s  o f  th e se  c a l c u l a t i o n s  a r e  g iv en  in  Table 6 .2  to g e th e r
w ith  th e  v a lu e s  o f  (b -  [OH ] ) / c  r e q u i r e d  f o r  the  e v a lu a t io n  o f  A H  ands
The l a t t e r  were computed by ap p ly in g  th e  method o f  l e a s t  squares  
to  eqn. (6 .1 6 )  and u s in g  th e  v a l u e [ l2 ? ]  A H ^  = -13*50 k . c a l s . / m o l e .
The r e s u l t s  o f  th e s e  com puta tions  to g e th e r  w i th  th e  r e s p e c t iv e  s ta n d a rd
d e v ia t io n s [ 7 9 ]  a re  p re s e n te d  i n  Table (6 .2 )  and i l l u s t r a t e d  g r a p h ic a l ly  in
F ig .  6 .2 .
Comparison o f  Tables  6.1 and 6 .2  shows t h a t  the  v a lu es  found f o r
A H  i n  th e  two s e r i e s  o f  experim ents  a re  i n  good agreem ent, a l th o u g h  th e  s
s ta n d a rd  d e v i a t i o n  o f  th e  second v a lu e  i s  somewhat h ig h e r .  Measured i n  
term s o f  th e  s ta n d a rd  d e v ia t io n  (1 .5$) th e  p r e c i s i o n  a t t a i n e d  in  the
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d e te rm in a t io n  o f  th e  h e a t  o f  th e  second s ta g e  o f  i o n i s a t i o n  i s  s a t i s f a c t o r y  
c o n s id e r in g  th e  sm all  degree  o f  i o n i s a t i o n ;  i n  comparing th e  p re s e n t  v a lue
= 9 .09  k .c a l s /m o le  w ith  th e  v a lu e  8 .6  k .c a l s /m o le  o b ta in e d  by Agren[38], 
i t  must be k e p t  i n  mind th e  l a t t e r  was determ ined  by th e  tem pera tu re  co­
e f f i c i e n t  method a t  th e  io n i c  s t r e n g t h  3.
To de te rm ine  th e  h e a t  o f  fo rm a t io n  o f  th e  f e r r i c  s a l i c y l a t e  complex, 
v a ry in g  amounts o f  mono-sodium s a l i c y l a t e  were d is s o lv e d  i n  100 ml, o f  th e  
c a lo r im e te r  s o lu t i o n  c o n ta in in g  v a ry in g  amounts o f  f e r r i c  p e r c h lo r a te  and 
o f  p e r c h l o r i c  a c id .  The r e s u l t s  o f  th e  c a lo r im e te r  measurements a re  
summarised i n  Table  6 ,3 .
I n  th e  p r e s e n t  case  th e  e l e c t r o n e u t r a l i t y  p r i n c i p l e  can be exp ressed  
i n  th e  form
h + [Na+] + 3 [Pe:5+] + 2[Fe(0H )2+] + c = p + 3 cq + [HL“] (6 .4 2 )
w hich, i n  view o f eqn. ( 6 . 24 ) ,  can be tran s fo rm e d  in to
h = [Fe(0H )2+] + 2 c -  c + [ hl“ ] + p (6 .43 )
Ojl
S u b s t i t u t i n g  f o r  [Fe(OH) ] and [HL ] from eqn. (6 ,3 0 )  and (6 ,2 7 )  r e s p e c t iv e l y
and r e a r r a n g in g  we have
Y? -  h2 A. -  hA -  A = 0 (6 .4 4 )1 2 3
where
A, = Zo1 + P -  0 -  K ' / f f  -  j y y f ^  , (6 .45 )
A2 = K j / f ^ p  + t ^ )  + Khf 5/ f 1f 2 ( c 1 + oq + p -  0 -  K j / f f )  (6 .46 )
A3 = EhK1' f 3/ f ' !f 2 [o o + p ] .  (6 .4 7 )
-177-
The io n i c  s t r e n g t h  o f  the  s o lu t i o n s  i s  g iven  by 
I  = i  ( 9[Fe ] + 4[Fe(0H )2+] + «, + [Ha+] + h + p + [fflT] + 3 o )  (6 .4 8 )
o r  i n  view o f  eqn. (6 .2 4 )
I  = i  ( 1 2cq -  5[Fe(0H)2+] -  8 c + h + p + [HL~]) (6 .49 )
F i n a l l y ,  s u b s t i t u t i n g  f o r  [Fe(OH) ] and [HL~] from eqns. (6 .3 0 )  and (6 ,2 7 )  
r e s p e c t i v e l y  we g e t
I  =  i  [ 1 2 c o  -  S K ^ f ^ - o J A ^  +  h f ^ g )  -  8 c 1 4 c + h + p A ° ^ 1 ) K l, / ( K ; + h f 2 ) ]
(6 .50 )
The c o n c e n t r a t io n  o f  th e  complex c^ i s  g iven  by eqn. (3*39) f v i z .  
o ,  = K, [F e 5+] [L2 - ] f 2f 3/ f r  (6 .51 )
7 | 2
S u b s t i t u t i o n  f o r  [Fe ] and [L ] from eqns. (6 ,2 9 )  and (6 .2 8 )  r e s p e c t iv e l y  
and rea rrangem en t y ie ld s
? 1
2 j 1 = (oQ + o  + 1A E 1) + t ( ° 0 + o + l/VKt ) -  4cQo V  (6 .52 )
where
V = f 2f_K1'K^/(Khf ,  + h f 1f 2 )(K 1'K^ + hZ jfg  + h2f 2f 2 ) .  (6 .53 )
To a l lo w  f o r  th e  h e a t  e f f e c t  due to  th e  change i n  th e  degree  o f  
h y d r o ly s i s  o f  th e  f e r r i c  io n ,  bo th  th e  hydrogen io n - c o n c e n t r a t io n  (h  ) and 
io n i c  s t r e n g t h  ( i  ) o f  the  s o lu t i o n s  b e fo re  th e  a d d i t io n  o f  mono-sodium 
s a l i c y l a t e  must be a l s o  known. These q u a n t i t i e s  can be c a l c u la te d  from 
eqns .  (6 .4 4 )  and (6 .5 0 )  by p u t t i n g c ^  = c = 0 .
In  c a l c u l a t i n g  th e  q u a n t i t i e s  r e q u i r e d  f o r  th e  e v a lu a t io n  o f  &H 
by means o f  eqn. (6 .3 4 )  an approx im ation  procedure  was ag a in  employed. A 
rough v a lu e  o f  th e  io n i c  s t r e n g t h  o f  th e  f i n a l  s o lu t i o n s  ( i . e .  a f t e r  th e
-1 7 8 -
a d d i t i o n  o f  mono-sodium s a l i c y l a t e )  was f i r s t  o b ta in ed  by p u t t i n g  th e  
c o n c e n t r a t i o n  o f  th e  complex ( c ^ ) equa l to  th e  t o t a l  c o n c e n t r a t io n  of 
i r o n  ( CQ) and th e  hydrogen io n - c o n c e n t r a t io n  (h) to  t h a t  o f  th e  p e r c h lo r i c  
a c id  ( p ) .  The approxim ate v a lu e s  o f  th e  a c t i v i t y  c o e f f i c i e n t s  f ^ , f  , and 
f ^  were th e n  found by means o f  th e  Davies e q u a t io n [7 8 ] . A b e t t e r  v a lu e  f o r  
h and c^ were th en  c a l c u la te d  by means o f  eqn, (6,44-) and (6 .5 2 )  r e s p e c t iv e l y .  
This  p ro c e s s  o f  s u c c e s s iv e  approx im ations  was co n t in u ed  u n t i l  c o n s ta n t  v a lu es  
f o r  h ,  I ,  and c^ were o b ta in e d .  E x a c t ly  th e  same procedure  was a p p l ie d  in  
th e  e v a lu a t io n  o f  hQ and ^2° ’ an(  ^ ^3°* cu^^c e1n « (6 .44 )  was so lved
by Newton*s approx im ation  p ro ced u re .  The a c t u a l  c a l c u l a t i o n s  were c a r r i e d  
ou t u s in g  th e  ’’S i r i u s  F e r r a n t i "  computer.
The r e s u l t s  o f  th e se  com putations were employed to  compute the  
v a lu e s  o f  th e  fu n c t io n  I .  F i n a l l y ,  th e  q u a n t i t i e s  A H „  and ( A H  + A H  )
O C.
were e v a lu a te d  by a p p ly in g  th e  method o f  l e a s t  squares  to  eqn. ( 6 .3 4 ) .  In
*  •••‘I A
th e  above c a l c u l a t i o n s  th e  v a lu e s [6 3 a ]  Kj = 1,064 x 10 , = 2,56 x 10" ,
17 ^
K1 = 2 .73  x 10 (see  Table 3 .4 ) ,  = 6 .7  x 10“ ;?[ l 0 2 ] J A H h = 10,4 k . c a l s /
m o le [ l0 3 ] ,  = 0 ,82 k .c a l s /m o le  (see  Table 6 , 1 ) ,  and A  = 9 .09  k . c a l s /
mole ( s e e  Table  6 . 2 ) ,  were adop ted .  The r e s u l t s  o f  th e s e  c a l c u l a t i o n s
together with the standard deviations[79] of A  and are presented
i n  Table 6 , 3 .  The p l o t  o f  I  a g a in s t  c ^ /c  i s  shown i n  F ig ,  6 ,3 .
Comparison o f  Tables 6 .1 ,  6 .2 ,  and 6 .3  shows th a t  the  v a lu es  found
f o r  / A  i n  th e  th r e e  s e r i e s  o f  experim ents  a re  i n  good agreem ent. S ince o
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th e  th r e e  s e r i e s  o f  experim en ts  were perform ed a t  d i f f e r e n t  c o n c e n tra t io n s ,  
th e  assum ption  th a t  d i l u t i o n  e f f e c t s  a re  n e g l ig ib le  i s  a g a in  j u s t i f i e d .
The p r e c i s io n  (1$) a t t a in e d  in  th e  d e te rm in a tio n  o f th e  h e a t  o f fo rm atio n  
o f  th e  f e r r i c  s a l i c y l a t e  complex i s  s a t i s f a c t o r y .  The v a lu e  =-5*47 +
0 ,06  k .c a ls /m o le  o b ta in e d  in  th e  p re s e n t  work ag ree s  q u i te  w e ll w ith  th e  
v a lu e  -  5 .3  k .c a ls /m o le  quo ted  by A gren .[3 8 ] However, i t  would seem th a t  
t h i s  agreem ent i s  f o r tu i t o u s ,  f i r s t l y  because  o f  th e  h ig h  io n ic  s t r e n g th  
o f  th e  s o lu t io n s  employed by him and seco n d ly  because he d is re g a rd e d  th e  
h e a t  e f f e c t s  dueAto h y d ro ly s is  o f  th e  f e r r i c  io n  and th e  f i r s t  s ta g e  o f 
i o n i s a t io n  o f th e  s a l i c y l i c  a c id ,  a lth o u g h  thfsCmay be q u i te  c o n s id e ra b le  
(up to  10fo).
U n fo r tu n a te ly , la c k  o f  tim e p rev en ted  th e  d e te rm in a tio n  o f th e  h e a ts  
o f  fo rm a tio n  o f th e  s u b s t i tu t e d  f e r r i c  s a l i c y l a t e s .
S E C T I O N  VI I
EFFECTS OF SUBSTITUTION
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The n e t r e a c t io n
Fe3+ + H2L FeL+ + 2H+
can  be re s o lv e d  in to  th e  fo llo w in g  s te p s
(1) Fe5+ + L2” ^  FeL+
(2) ■ H2L H+ + H lf
(3) H lf H+ + L2“
The s ta n d a rd  f r e e  energy  change Z^G° o f th e  n e t r e a c t io n  i s  eq u a l to  th e  
sum o f  th e  s ta n d a rd  f r e e  energy  changes f o r  th e  s e p a ra te  s te p s ,  so th a t  
A  G° = A G °  + A G ° + = -ET In  -  RTlnKj -  RTlnK^ (7 .1 )
' = -  ET I n  E ^ j K ^  (7 .E )
E x p re ss in g  A G ° in  term s o f th e  s ta n d a rd  chem ica l p o te n t i a l s  o f  th e
r e s p e c t iv e  s p e c ie s  and r e a r ra n g in g  i t  fo l ia w s ,  th e r e f o r e ,  th a t
. r / 0 0 \ ( o 0 0 . ) ] / 2 , 303RT (7*3)lo g  -  p(K1K2 ) -  [ ( p  FeL+ -  p H^L) + (2p H+ -  p Fe3+
where p° w ith  an a p p ro p r ia te  s u b s c r ip t  r e p re s e n ts  th e  s ta n d a rd  chem ical
p o t e n t i a l .
Eqn, (7 .3 )  p r e d ic ts  t h a t  a p lo t  o f lo g  a g a in s t  p (K jK p shou ld
y ie ld  a s t r a i g h t  l i n e  i f ,  f o r  a g iven  s e r i e s  o f  r e l a t e d  l ig a n d s ,  th e  term
p°_ T+ -  p° i s  e i t h e r  c o n s ta n t o r  a l i n e a r  fu n c tio n  o f p(K 'K ’ ) .  The 
i! eL 2
s lo p e  o f t h i s  l i n e  w i l l  be eq u a l to  u n i ty  in  th e  f i r s t  case  and d i f f e r e n t  
from  u n i ty  in  th e  l a t t e r  c a s e .  Hence i f  t h i s  l i n e a r  r e l a t i o n  ho ld s  f o r  
a g iv en  s e r i e s  o f lig a n d s  th r e e  cases  a re  to  be d is t in g u is h e d :
1) s lo p e  = 1 ; th e  s u b s t i tu e n ts  a f f e c t  th e  s t a b i l i t y  o f  th e  m etal com plexes
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to  th e  same e x te n t  as t h a t  o f  th e  r e s p e c t iv e  p ro to n  complexes*
2) s lo p e  > 1; th e  s u b s t i tu e n ts  a f f e c t  th e  s t a b i l i t y  o f th e  m e ta l complexes 
to  a g r e a te r  e x te n t th an  th a t  o f th e  r e s p e c t iv e  p ro to n  com plexes.
3) s lo p e  < 1; th e  s u b s t i tu e n ts  a f f e c t  th e  s t a b i l i t y  o f th e  m e ta l complexes I 
to  a l e s s e r  e x te n t  th a n  th a t  o f th e  r e s p e c t iv e  p ro to n  com plexes.
F ig . 7.1 re p re s e n ts  such  a c o r r e l a t i o n  p lo t  f o r  t h i s  s e r i e s  o f 
com plexes and was c o n s tru c te d  by a p p ly in g  th e  method o f  l e a s t  sq u a res  to  
th e  d a ta  f o r  lo g  and p(KjK^) g iv e n  in  T able 7 .1 .  I t  can be seen  th a t  
th e  e x p e rim e n ta l p o in ts  f a l l  on a good s t r a i g h t  l i n e  whose s lo p e  and i n t e r ­
c e p t have been found to  be 0*75 +. 0 .02  and 5 .04  + 0 .25  r e s p e c t iv e ly .  I t  
a p p e a rs , th e r e f o r e ,  t h a t ,  f o r  th e  p re s e n t  s e r i e s  o f com plexes, lo g  v a r ie s  
l i n e a r l y  w ith  p(KjK^) and th a t  th e  s u b s t i tu e n ts  a f f e c t  th e  s t a b i l i t y  o f 
th e s e  m e ta l com plexes to  a l e s s e r  e x te n t th a n  th a t  o f th e  r e s p e c t iv e  p ro to n  
com plexes. I t  w i l l  be a ls o  n o tic e d  th a t  th e  f e r r i c  3 -m e th y 1 -sa lic y la te  
i s  more s ta b l e  and n i t r o -  and h a lo g e n - s u b s t i tu te d  com plexes a re  l e s s  s ta b le  
th a n  th e  f e r r i c  s a l i c y l a t e .  In  o th e r  words bo th  lo g  and p(KjK^) in c re a s e  
in  th e  same d i r e c t io n  as th e  < T -accep to r power d ec re a se  and th e  <5-donor 
tendency  o f th e  s u b s t i tu e n ts  in c re ase [5 1  ,11 5 ] ; w ith  th e  e x c e p tio n  o f th e  
5 -c h lo ro -  and 5 -b ro m o -s u b s titu e n ts , th e  -do n o r te n d e n c ie s  o f  th e  
s u b s t i tu e n t s [ 5 1 * 115] a ls o  in c re a s e  in  th e  same d i r e c t io n .
L in e a r  r e l a t i o n s  o f t h i s  ty p e  have been found to  h o ld , f o r  a s e r i e s  
o f  c lo s e ly  r e l a t e d  l ig a n d s ,  by many w orkers [4 8 ,4 9 ,5 0 ,1 2 8 ,1 2 9 ,1 3 0 ,1 3 1 * 1 3 2 ,1 3 3 1  
Thus C a lv in  and W ilso n [l2 8 ] de term ined  b o th  th e  su c c e s s iv e  s to ic h io m e tr ic
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(S.) Sa l i cy l i c  a c i d ;  ( 2) 3-MethyI - sa l icy l ic  a c i d ;
(3.) S -ChSoro - sa i i cy l i c  a c i d ;  (4.) 5 'B r o m o - sc i i c y i i c  a c i d ;
(5.) 5 ‘Nitro-saSicyl ic a c i d ;  (6-) 3*Nitro*saiicyiic acid ;
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(c ) (c )s t a b i l i t y  c o n s ta n ts ,  and f and th e  s to ic h io m e tr ic  d is s o c ia t io n
(c )c o n s ta n ts  Kj o f  a s e r i e s  o f  s u b s t i tu t e d  a c e ty la c e to n e s  and s a l i c y l a l d e -
hy des, They found th a t  a p l« t  o f  th e  lo g a rith m  o f  th e  average o f th e  ;
( c )su c c e s s iv e  s t a b i l i t y  c o n s ta n ts  a g a in s t  pK.j f o r  th e  r e s p e c t iv e  l ig a n d  
f e l l  in to  fo u r  c l a s s e s .  W ith in  each c la s s  th e  l i n e a r  r e la t io n s h ip  i s  ;
a p p ro x im a te ly  fo llo w ed . The s lo p e s  o f  th e  c o r r e l a t i o n  p lo t s  o b ta in ed  f o r  
th e  fo u r  c la s s e s  o f compounds were very  n e a r ly  th e  same and sm a lle r  th a n  r
one b u t th e  in t e r c e p t s  d i f f e r e d ,  j
Bruehlman and V erhoek [l29 ] s tu d ie d  th e  s i l v e r  amine complexes and j
(c )  (c )  'found th a t  a p lo t  o f logK^ a g a in s t  pKj gave two s t r a i g h t  l i n e s ,  :1
One l i n e  was o b ta in ed  fo r  th e  secondary  am ines and th e  o th e r  f o r  th e  p rim ary  
a l i p h a t i c  am ines and th e  p y r id in e s .  Here a g a in  th e  s lo p e s  o f th e  c o r re ­
l a t i o n  p lo t s  were l e s s  th a n  u n i ty ,  B jerrum [49] dem onstra ted  th a t  pKj^0  ^
and th e  lo g a rith m s  o f th e  av erag e  com plex ity  c o n s ta n ts  f o r  many s i l v e r  and 
m ercu ric  com plexes showed a s im i la r  c o r r e l a t i o n .
Van U i t e r t ,  F e rn e l iu s ,  and D ou g las[131] have shown th a t  th e  lo g a rith m  I
2+ 2+of th e  s t a b i l i t y  c o n s ta n ts  o f  th e  c o -o rd in a t io n  compounds o f  Cu , Ni ,
2+and Ba w ith  s t r u c t u r a l l y  s im i la r  (3-d iketones was e s s e n t i a l l y  a l i n e a r  
fu n c t io n  o f  pK j• I r v in g  and R o s s o t t i j j  33] a ls o  o b ta in e d  s t r a i g h t  l i n e  
p lo t s  o f lo g  a g a in s t  pKj^C  ^ (p h e n o lic  group) f o r  a number o f m eta l
com plexes o f some o x in e s .
I t  was I rv in g  and R o s s o t t i [ 134] who f i r s t  proposed  such a l i n e a r  
r e l a t io n s h ip  on th e  b a s is  o f thermodynamic c o n s id e ra tio n s  f o r  complexes
o f  th e  ty p e  ML (where M i s  a m e ta l) .  Leberman and R ab in [l3 5 ] have ex tended  i 
th e  therm odynamic tre a tm e n t to  com plexes o f th e  ty p e  Jo n es , P o o le ,
Tomkinson, and W illiam s[5 1 ,136] su g g es ted  th a t  th e  l i n e a r  c o r r e la t io n  i s  !|
;j
n o t g e n e ra l ly  v a l id  and even ca se s  in  w hich i t  i s  a p p a re n tly  obeyed a re  
somewhat f o r tu i to u s ;  how ever, t h i s  view has been now d isp ro v ed  by th e  j.j
e x te n s iv e  m easurem ents o f  P e r r in  C137] and by D ata , Leberman, and R ab in [l3 S , S 
1 39 ]. The m agnitude o f  th e  s lo p e s  o f  such c o r r e l a t i o n  p lo t s  appears  to  |j
depend on a number o f  f a c to r s  such as i o n i s a t io n  p o te n t i a l  o f th e  m e ta l j;i
io n [ l 3 2 ] ,  n u c le a r  re p u ls io n  betw een m e ta l io n  and donor a to m s[l4 0 ]?  p o l a r i -  j;
s a t io n  o f th e  l ig a n d  by th e  m e ta l i o n [ 5 l ] ,  tendency  o f th e  m eta l io n  to  |
form  d b o n d s [5 l] ,  and l i g a n d - f i e l d  s t a b i l i s a t i o n [  1 41 ] .  In  most c a se s , |j
how ever, th e  s lo p e s  a re  d i f f e r e n t  from u n i ty  b u t c lo s e r  to  u n i ty  f o r  |
a l i p h a t i c  th a n  a ro m atic  l ig a n d s  [51»14 l]*
The e f f e c t  o f  ^ '-bond ing  on th e  m agnitude o f  th e  s lo p e  was d isc u sse d  |
in  some d e t a i l  by Jo n e s , P o o le , Tomkinson and W illia m s[5 l]  who ex p la in ed  
th e  o ccu rren c e  o f p o s i t iv e  and n e g a tiv e  d e v ia t io n s  from u n i t  s lo p e  in  term s j
o f  7r-donor o r  a c c e p to r  p r o p e r t i e s  o f th e  s u b s t i tu e n ts  on th e  l ig a n d s .
They concluded  t h a t ,  w ith  s u b s t i tu e n ts  a c t in g  e i t h e r  as w*- and ( f  -  donors
o r  'Tr- and -  a c c e p to rs ,  s lo p e s  g r e a te r  th an  u n i ty  shou ld  r e s u l t  i f  th e  j
|i
c e n t r a l  io n  has ^ - a c c e p to r  p r o p e r t i e s ,  and s m a lle r  th a n  one i f  i t  has j
j !
^ - d o n o r  p r o p e r t i e s .  They suggested[31  ] a ls o  th a t  d iv a le n t  m eta l io n s  |
P_l p+such  as Cu and Ni a c t  as *r-d o n o rs  and th e  f e r r i c  io n  as a ^ - a c c e p to r .  j
A cco rd in g ly , f o r  a s u i t a b le  s e r i e s  o f  c lo s e ly  r e l a t e d  l ig a n d s ,  th e  s lo p e
-189-
o f  th e  c o r r e l a t i o n  p lo t  sho u ld  be l e s s  th a n  one in  th e  f i r s t  case  and
g r e a t e r  th a n  one fo r  th e  l a t t e r .  These p r e d ic t io n s  h o ld  good in  some cases
2+ 2+b u t f a i l  i n  o th e r s .  Thus w ith  im id o -d ia c e ta te s  b o th  Cu and Ni g iv e  
c o r r e l a t i o n  p lo t s  w ith  s lo p e s  g r e a te r  th a n  one [ 50,51 ,142]; on th e  o th e r  
hand, f o r  th e  complexes o f  th e  f e r r i c  io n  w ith  a s e r i e s  o f oxin.es th e  s lo p e  
o f  th e  c o r r e l a t i o n  p lo t  i s  0 .90  [51 ] .  F u r th e r ,  u s in g  P e r r i n ’s [ 16] d a ta  
f o r  th e  com plexes o f  th e  f e r r i c  io n  w ith  s a l i c y l i c  and 5 -su lp h u —s a l i c y l i c  
a c id s ,  we c a lc u la te d  th e  s lo p e  o f th e  c o r r e l a t i o n  p lo t  and found i t  to  be
0 .8 7 .
The l a s t  two exam ples and, in  p a r t i c u l a r ,  th e  r e s u l t s  o b ta in e d  in
th e  p re s e n t  work su g g es t th a t  th e  f e r r i c  io n  may a ls o  a c t  as  a w * -e lec tro n
donor. To what e x te n t t h i s  i n t e r p r e t a t i o n  i s  j u s t i f i e d  i s  d i f f i c u l t  to  say
a t  p r e s e n t .  The r e s u l t s  o f th e  m agnetic  m easurem ents on th e  f e r r i c  3 -n itro -
s a l i c y l a t e  in d ic a te  th a t  a l l  th e se  s u b s t i tu t e d  f e r r i c  s a l i c y l a t e s  a re  s p in -  
5
f r e e  d com plexes and f o r  t h i s  rea so n  i t  i s  u n l ik e ly  th a t  l ig a n d - f i e ld  
s t a b i l i s a t i o n  p la y s  h e re  any p a r t .  However, in  view o f th e  thermodynamic 
n a tu re  o f r e l a t i o n  (7 .3 )»  i t  appea rs  t h a t ,  f o r  a s a t i s f a c t o r y  d is c u s s io n  
o f  th e  r e l a t i v e  s t a b i l i t i e s  o f complex compounds, e n th a lp ie s  and e n tro p ie s  
o f  fo rm a tio n  o f b o th  m e ta l and p ro to n  com plexes shou ld  be a ls o  taken  in to  
a c c o u n t. In  p a r t i c u l a r ,  a knowledge o f en tro p y  changes shou ld  p ro v id e  
a p r o f i t a b l e  approach  to  th e  e lu c id a t io n  o f t h i s  problem , s in c e  they  
r e f l e c t  ch an g e s[l4 3 ] in  th e  e l e c t r i c  ch a rg e , d ec re a se  in  th e  number o f
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io n s ,  changes in  th e  deg ree  o f h y d ra tio n , e t c .  to  a g r e a t e r  e x te n t th an  
e n th a lp y  changes. For many r e a c t io n s ,  b o th  th e  h e a t and en tro p y  changes 
fa v o u r complex fo rm a tio n , b u t t h e i r  r e l a t i v e  im portance changes m arkedly 
w ith  m inor v a r ia t io n s  from ML to  M'L o r to  ML' [1 4 4 ] . In  th e  p re s e n t work 
a c a lo r im e tr ic  method o f d e te rm in in g  th e se  q u a n t i t i e s  was developed  b u t,  
because  o f i n s u f f i c i e n t  tim e , on ly  th e  h e a t o f fo rm atio n  o f th e  f e r r i c  
s a l i c y l a t e  and th e  h e a t o f th e  two io n i s a t io n  s ta g e s  o f s a l i c y l i c  a c id  
were m easured . U n fo r tu n a te ly , as  s u f f i c i e n t  d a ta  a re  no t a v a i la b le ,  a 
d is c u s s io n  o f  t h i s  problem  a lo n g  th e se  l i n e s  i s  n o t p o s s ib le .
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The spectrophotometric determination of the dissociation constants of diprotic acids is discussed, 
and a new method has been derived. The method is applicable even to extremely weak acids where 
the direct determination of the extinction coefficient of the doubly charged anion is impracticable. 
This method has been used to determine the first and second dissociation constants of salicylic acid, 
2-hydroxy-5-chloro-, 2-hydroxy-5-bromo-, and 2-hydroxy-5-nitro-benzoic acids. Salicylic acid 
and its chloro- and bromo-derivatives have been found to be sensitive to the action of light.
T he present paper is concerned w ith  th e  spectropho tom etric  determ ina tion  o f 
the  second dissociation constan ts o f  substitu ted  salicylic acids o f  the  type 
X C 6H 3(O H )C O O H  (where X  =  5-C1-, 5-Br-, o r 5 -N O 2-) as only  the  first 
dissociation constan ts 2 o f  these acids have been reported . T he m ain  advantages 
o f  spectropho tom etric  m ethods o f  determ ining acid d issociation  constan ts are th a t 
op tical m easurem ents m ade a t very low concen tra tions are relatively as accurate 
as those m ade a t higher concen tra tions,3 and  th a t even fo r very sm all dissociation 
constan ts qu ite  reliable results can  be ob ta ined  un d er favourable cond itions.4
Since the  first an d  second dissociation constan ts 5' 8 o f  salicylic acid  differ by  a 
fac to r o f  1010 it is reasonable to  assum e th a t the  tw o ion ization  stages o f th e  sub­
stitu ted  acids do n o t overlap to  any  appreciable extent and , consequently , th a t 
m ethods used fo r the  determ ination  o f  the  ion ization  constan ts o f  m onopro tic  
acids are applicable. Inspection  o f  the  abso rp tion  curves o f  these acids a t various 
p H  values shows th a t a  suitable w avelength can  be selected a t w hich th e  differences 
betw een th e  extinction  coefficients o f  the  undissocia ted  an d  charged species are 
large enough  fo r the presen t purpose. However, in  view o f  the  sm all value o f  the 
second dissociation  constan t o f  salicylic acid  it  appeared  th a t m ethods involving 
th e  direct m easurem ent o f the  extinction  coefficient o f th e  doubly-charged fo rm  could 
n o t be relied on. To overcom e th is difficulty a  procedure was ad op ted  the  theoretical 
basis o f  w hich is explained in  the follow ing section.
T H E O R E T I C A L
L et H 2L  represent a  d ip ro tic  acid  w ith  therm odynam ic d issociation  constan ts
K ,  =  f c / ? [ H L - ] / [ H 2L ]  (1 .1 )
X 2 =  A/2[L 2- ] / [ H L - ]  (1.2)
w here h =  [H +] and  f \  and  / 2 are the activ ity  coefficients o f  th e  singly an d  doubly 
charged species respectively.
A lso, let c be the acid  concentra tion , £0 , ei, and  e2 the  respective m olar extinction 
coefficients o f  the  species H 2L, H L~ an d  L 2_, then , from  th e  L am bert-B eer law , for 
cells o f  1 cm  path -leng th
D =  [ H ^ J e o  +  C H L - ^  +  IX2- ; ^ ,  (1.3)
w here D  is the m easured op tical density.
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Do — soc>
P u tting D x =  exc, ► (1.4)
D2 -  s2c,
an d  m aking  use o f  (1.1) an d  (1.2) it  follows 9 th a t
K 1K 2( D - D 2) +  K 1hf2( D - D 1) +  h2f 2i f 2 ( D - D 0) =  0. (1.5)
L et us now  assum e th a t the  tw o ion ization  stages o f  the acid  are w idely se p a ra te d ;
i-e., K 1> K 2. (1.6)
E qn. (1.5) can  th en  be considered un d er tw o extrem e sets o f  c o n d itio n s :
h2> K i K 2 (1.7)
an d  h2<^K\K2. (1.8)
T he first o f  these conditions, (1.7), can  be show n to  be satisfied i f  the  hydrogen- 
ion  concen tra tion  (h) o f  the  so lu tion  is m ade o f  the  sam e order o f  m agnitude as 
K\,  an d  the  second, (1.8), i f  h is m ade o f  the  sam e o rder o f  m agnitude as K2.
I. C ond ition  (1.7), (h2^>KiK2)
U nder these conditions, an d  i f  the  quan tities (D — D 2), ( D —D\),  and  ( D —D q) 
are o f  th e  sam e o rder o f  m agnitude, (1.5) simplifies to
K 1( D - D 1) + h f 2( D - D 0) =  0. (1.9)
I f  K\  is sufficiently sm all the  ex tinction  coefficient o f  the  undissociated  fo rm  o f the 
acid  can  be m easured d irectly  a t som e suitable w avelength. In  such a  case it  is 
convenient to  rew rite (1.9) in  the  form
1 l(D0- D )  =  l K P o - D J  +  h f U K A D o - D J ,  (1.10)
from  w hich b o th  Ki  an d  A  can be evaluated  either graphically  or by  applying the 
m ethod  o f  least squares.
If, how ever, K\  is too  large to  perm it a  reliable direct determ ination  o f  Do, it 
is still possible to  evaluate A  a t som e convenient w avelength provided  th a t the  
value o f  Ki  is know n. F o r th is pu rpose a  su itable form  o f  (1.9) is
D (K 1 +  hff)  =  D ^  +  D oh f l  (1.11)
H ence, if  D(K\ +  hf\)  is p lo tted  against h f \  a  straigh t fine should  be obtained, whose 
in tercep t should  be equal to  A  A -
II. C ond ition  (1.8), (h2<^  A  A )
U n d er these conditions, an d  again  if  the  quantities (D — D 2), (D — A ) ,  and  
(D — Dq) are o f  th e  sam e order o f  m agnitude, eqn. (1.5) simplifies to
K 2{D — D2) +  hf2{D — D i) =  0, (1.12)
from  w hich K 2 can  be evaluated, p rov ided  either D\  o r D 2 is know n.
I f  Di  is know n (1.12) m ay be w ritten  as:
1K D - D J  =  l K D ^ D J  + h f J K ^ - D J  = 1 l(D2- D 1) +
K J 2l { K 2(D2- D x)f2lOU.- ] }  (1.13)
w here Kw is the  ion ic p ro d u ct o f w ater. T hus a p lo t o f  l / (D -  A )  against f 2j f \  [OH~] 
should  yield a  straigh t line w hose in te rcep t and  slope can be used to  calculate K2.
A ccordingly, the  experim ental determ ination  o f  K 2 involves, in  this case, two 
series o f  m easurem ents. In  the first series m easurem ents are m ade, a t som e suitable
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w avelength, o f  the  op tical density  o f  so lu tions o f  the  acid  w hose hydrogen-ion  con­
cen trations are o f  th e  sam e o rder o f  m agn itude as K\.  F o r  the  purpose o f  calculating 
D\  the  experim ental results o f  th is series are trea ted  by  m eans o f  (1.10) o r (1.11) 
depending  on  w hether the  q u an tity  Do is accessible to  d irect m easurem ent o r no t.
In  th e  second p a r t o f  th e  experim ental p rocedure m easurem ents are  m ade, a t 
exactly the  sam e w avelength as before, o f  th e  op tical densities o f  so lu tions o f  the  
acid  w hose hydrogen-ion  concen tra tions a re  o f  th e  sam e o rder o f  m agn itude as 
K-2 - T o calculate K% use is m ade o f  (1.13).
In  som e cases (as, fo r exam ple, th e  n itro-salicylic acids) it is possible to  select 
a  w avelength a t w hich th e  singly ion ized  species does n o t absorb . Since now  
D\ — 0, (1.13) reduces to
1 ID =  l j D 2+ K J 2l (K2D2f l [ O U - ] ) .  (1.14)
Eqn. (1.14) is o f  exactly  the  sam e fo rm  as th a t em ployed by  S tearns an d  W heland  4 
in  th e  determ ination  o f  the  d issocia tion  constan ts  o f  m onobasic acids. T his case 
is particu larly  sim ple as i t  does n o t requ ire  the  know ledge o f  K\  and  therefore in ­
volves one series o f  experim ents only.
F inally , i f  K 2  is n o t to o  sm all, D 2  can  be determ ined  by  d irect m easurem ents 
(in  the  presence o f  excess alkali). In  th is  case (1.12) is’ w ritten
1 l(D2- D )  =  l K D . - D J + K J l l O U - j / i D . - D J K j , ,  (1.15)
from  w hich it  can  be seen th a t i f  1 /(T >2 — D)  is p lo tted  against /? [ O H ~ ] / /2  a  straigh t 
line shou ld  be ob ta ined . T he value o f  K 2  can  be fo u n d  by m easuring  th e  slope
an d  th e  in te rcep t o f  th is line. H ere  aga in  one series o f  experim ents is sufficient
fo r the  estim ation  o f  K 2 .
R E S U L T S  A N D  D IS C U S S IO N  
S A L I C Y L I C  A C I D
T o test the  m ethods described above, salicylic ac id  was chosen. In  o rder to  
find th e  m ost su itable w avelength ab so rp tio n  curves o f  th e  acid, a t  various p H  
values, w ere ob ta ined  in  the  reg ion  240-350 m p. T he spectra, w hich closely resem ble 
those  rep o rted  by E dw ards , 10 a re  show n in  fig. 1.
T he low  value o f  the  second d issociation  constan t o f  salicylic acid  clearly  rules 
o u t the  possib ility  o f  m easuring the  q u an tity  D 2  directly. F o r  th is  reason  the  p ro ­
cedure involving the  ind irect de term ination  o f  the  quan tity  D\  was adop ted . F o r 
a  successful app lication  o f  th is m ethod  a  careful selection o f  a  suitable w avelength 
is essential. In  choosing the  correct w avelength it  is n o t always possible to  satisfy 
all criteria  fo r accuracy. T hus, fo r exam ple, in  a  spectral region w here th e  ab ­
so rp tion  curve is steep (i.e. w here there is a  large change o f  op tical density  over 
a  sm all w avelength band) an  ap p a ren t failu re o f  the Lam bert-B eer law  m ay result 
i f  th e  ban d  w id th  em ployed is n o t sufficiently narrow . F o r  th is reason  i t  is desir­
able fo r op tical density  m easurem ents to  be m ade a t a  flat p o rtio n  o f  the  abso rp tion  
curve. Som etim es, however, o ther criteria  o f  choice o f  w avelength take  precedence. 
T hus S ilverthorn  and  C urtis , 11 w ho evolved a  spectropho tom etric  m ethod  o f  deter­
m ining m anganese in  th e  presence o f  chrom ium , recom m ended w ork ing  a t a  steep 
p o rtio n  o f  the  abso rp tion  curve o f  KMnCT* in  o rder to  m inim ize the  effect o f  im ­
purities. In  the spectrophotom etric  determ ination  o f  very w eak m onobasic acids 
S tearns and  W heland  4 adop ted  a  p rocedure w hich also en tailed  op tical m easure­
m ents on  the side o f  an  abso rp tion  band . These w orkers were able to  show  th a t the 
bandw idths em ployed were sufficiently narrow  fo r th e  L am bert-B eer law  to  be obeyed.
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In  the  presen t case i t  is essential to  w ork  a t a  w avelength a t w hich the  variations 
o f  D  w ith  p H  are n o t to o  sm all. F ro m  a n  exam ination  o f  fig. 1 it  appears th a t only 
th e  steep po rtions o f  the  abso rp tion  curves, a ro u n d  326 m n, are su itable for the  
ind irect de term ination  o f  D\.
1*4
1-2
1-0
.2
D.O
0-6
0-4
34 03 2 03 0 02802 6 02 40
F i g . 1.—Absorption curves of aqueous solutions of salicylic acid (c =  3-549 x 10~ 4  mole/1.).
(1) 0-80 N  HC104 ; (2) H20  (pH =  3-56);
(3) 0-05 N  NaOH (pH =  12-65); (4) 0-449 N  NaOH.
Since th e  procedure based u p o n  eqn. (1.10) requires a  know ledge o f  the quan tity  
Do m easurem ents were first m ade o f  the  op tical density  o f  salicylic acid solutions, 
a t 326 m/i, w ith  increasing am ounts o f  H C IO 4 . T he optical density eventually 
reached  a  constan t value an d  th is  estim ate o f  Do is given in  tab le 1 .
F o r th e  determ ination  o f  K\  m ixtures o f  salicylic acid w ith  standard  H C IO 4 
o r stan d ard  N aO H  were used. F o r so lu tions to  w hich H C IO 4 was added  the electro­
neu tra lity  princip le  assum es th e  fo rm
h — [C 1 0 J ]  +  [H L “ ]  (2.1)
since cond ition  (1.7) applies, an d  b o th  [0H ~ ] an d  [L2_] are negligible.
T able  1.— F ir st  d isso c ia tio n  c o n st a n t  of sa l ic y l ic  a c id
1  — 326 m f ! ; c  —  1-296 x 1 0 - 3  m ole/1 . ; D o  = 0-919 ±0-000
a X  104 
(mole/1.)
b x  104 
(mole/1.) D y  = 1 /(D 0—D) A y hx  10^ h f \ x  103
9-830 ' — 0-636 3-531 -0 -0 0 3 1-543 1-416
4-915 — 0-589 3-027 - 0 - 0 0 1 . 1-145 1-063
_ — 0-526 2-544 + 0 - 0 1 0 0-778 0-731
_ 6-028 0-424 2-018 -0 -0 0 3 0-378 0-353
_ 7-291 0-398 1-919 -0 -0 0 4 0-302 0-282
---- 8-611 0-368 1-815 +  0 - 0 0 1 0-229 0-213
D \  =  0-259 ; °7>i = ± 0 -0 0 2 .
K \  (present work) =  l-064x 10- 3  ; crg^  =  ±0-005 x 10 3. 
K \  (previous w ork): 1 - 0 5 2  x 10- 3  (ref. 1); 1-01 x  10- 3  (ref. 2).
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In  th is, an d  all subsequent discussion, th e  sym bols H 2L, H L -  an d  L 2_ w ill be 
used to  represen t the  ap p ro p ria te  species o f  the salicylic acids.
W ith  the  aid  o f  (1.1) an d  (1.2) i t  can be show n th a t
[ H L “ ] =  hf2K 1cl(.h2f i f 2 +  hf2K 1+ K lK 2), (2.2)
and
[L 2" ]  =  K ^ c K b l f l f i  +  hf tK,  + K lK 2) (2.3)
where
c =  [ H 2L ] +  [ H L - ]  +  [L 2- ]
is the  to ta l acid  concen tra tion . In  view o f  cond ition  (1.7) eqn. (2.2) reduces to
{ K L - l ^ K ^ K h f l  +  K J  (2.4)
w hich, in  accordance w ith  (1.9), can  be also w ritten  as
[ H L - ]  =  c(D0 - .D )/(D 0 - .D 1). (2.5)
H ence
A =  a + c(D0-D )/(D 0- C 1) (2.6)
w here a =  [CIO4 ] is the  stoiclu’om etric concen tra tion  o f  H C IQ 4 added . T he ionic 
streng th  o f  the  solu tions is defined by the  expression
I =  i(a +  h +  [H L - ])  (2.7)
and  hence, by  com parison w ith  (2.1), we have I  — h.
In  the  case o f  salicylic acid  solu tions to  w hich N aO H  was added  th e  electro­
neu tra lity  cond ition  requires th a t
h +  [ N a +] =  [ H L - ] (2.8)
whence, from  (2.5),
h =  c{D0- D ) K D 0- D x) - b ,  (2.9)
w here b =  [N a+] is th e  sto ichiom etric concen tra tion  o f  N aO H  added . F o r the  
ionic streng th  o f  th e  solu tions we find
/  =  1  (b +  h +  [ H L - ] ) ,  (2.10)
an d  hence, by  com parison  w ith  (2 .8 ), /  =  h +  b.
T he activ ity  coefficients w ere calculated  th ro u g h o u t by m eans o f  the  D avies 
equation , recently  m odified , 12 in  th e  fo rm  ap p rop ria te  to  single ions
- l o g lo ./; =  0-5z2 { [7 * /( l+ I* ) ] -0 -3 J }  (2.11)
F o r the  purpose o f  evaluating  th e  quantities K\  and  D\  the  H+ concentra tion  
was first p u t equal to  th e  concen tra tion  o f  H C IO 4  added , and  an  approx im ate value 
for the  in te rcep t p — 1/(D 0 — D{) was ob ta ined  by graphical app lica tion  o f  (1.10). 
A  m ore accurate  value fo r h was then  calculated, using either (2.6) or (2.9). The 
process o f  successive approx im ations was repeated  u n til constan t values were o b ­
ta ined  fo r the  slope a =  l/A i(D o — A )  and  the in te rcep t (3. In  th e  last few stages
o f  approx im ations the  m ethod  o f  least squares was applied. T he u ltim ate  values 
o f  a and  /3 were used to  evaluate the  quantities K\  and  D\  by  m eans o f  the  re la tion ­
ships
ISTi =  131 a (2.12)
and  Dj =  D 0 - l / jS .  (2.13)
T he precision o f  the  experim ental d a ta  was estim ated by evaluating  the  s tandard  
deviation  ay  o f  y  =  IJ(Dq- D )  an d  hence the  stan d ard  deviations aKj an d  <rD l13 o f
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K\  an d  D\,  respectively. T he results o f these calculations are given in  tab le 1 from  
w hich it can  be seen th a t the presen t value (1-064 ±0-005) x 10- 3  fo r K\  is in  very 
good  agreem ent w ith  th e  values repo rted  by previous w orkers. Judging by the 
s tan d ard  deviations o f K\  an d  D\  th e  precision a tta ined  is very satisfactory  and  com ­
pares favourab ly  w ith th a t o f  o ther m ethods.
In  the  second p a r t o f  the  experim ental procedure solutions o f  salicylic acid 
were p repared  to  w hich varying am ounts o f  s tandard  N aO H  so lu tion  were added. 
The OH~ concen tra tion  o f  these solutions, w hich ranged from  3-4 x 10- 2  to  8-4 x 10~ 2 
g. ion/1., was calculated  from  the  electroneutrality  principle. Since h is negligible 
we have
[ N a +]  =  [ O H - ]  +  [ H L ']  +  2 [L 2- ] .  (2.14)
S ubstitu ting  for [H L - ] an d  [L2-] from  eqn. (2.2) and  (2.3), respectively, and  m aking 
use o f  condition  ( 1 .8 ) we find
[ O H - ]  =  b — { l  + / i K 2 [ O H - ] /(K w/ 2 + / i ' k 2 [ O H _])}c, (2.15)
w here, as before, b represents the  sto ichiom etric concen tra tion  o f N aO H  added. 
F u rthe r, since according to  (1.13)
/ ^ 2 [ O H - ] /(K w/ 2 + / ^ 2 [ O H - ])  =  ( D - D J K D z - D J ,  (2.16)
it  follows th a t
[O H -] =  [1 +(X>—Z>i)/(X>2 —X>i)]c. (2.17)
T he ion ic streng th  o f  th e  solu tions is given by  the expression
/  -  i( [O H -]  +  [N a + ]± [H L -]± 4 [L 2-]), (2.18)
w hich, on  carrying o u t the  requisite substitu tions and  sim plifications, becomes
/  =  b +  c ( D - D 1)f(D2- D ly  (2.19)
T he O H -  concen tra tion  o f  a  given so lu tion  was com puted by successive ap ­
proxim ations using the value o f  D\  found  in  the first p a rt o f  the experim ental p ro ­
cedure. T he results o f  these calculations, in  w hich the  value 1-008 x 1CF14 was 
adop ted  fo r 7£w , 14 are show n in  tab le 2. I t  can  be seen th a t the  present value o f
T able  2 .— Se c o n d  d isso c ia tio n  c o n st a n t  of sa lic y lic  a c id
X =  326 II1 •296 x 10-3 mole/1.; D \  =  O'•259 ±0-002
b x  102 
(mole/1.) D y  =  1 l ( D -
<i [OH-]X102 I X  102 / 2/([O H-]/f)
3-519 0-412 6-506 +  0-003 3-375 3-533 21-089
5-520 0-501 4-134 -0-004 5-368 5-542 12-482
6-509 0-540 3-554 -0 -016 6-354 6-509 10-303
7-521 0-580 3-110 - 0 -0 1 0 7-362 7-550 8-712
8-280 0-611 2-838 +  0-008 8-118 8-312 7-792
8-602 0-623 2-743 +  0 -0 1 1 8-439 8-635 7-456
K 2 (present work) =  2-56x10-14; o K i =  ±0-05 x 10-14.
K o  (previous w ork): 3-6x10-14 (ref. 5); 4^ O O 14 (ref. 6 ) ;
4-10x10- 14 (ref. 7); 7-6x10" 14 (ref. 8 ).
K2 is low er th a n  those repo rted  by previous w orkers, and  th a t the  standard  deviation 
o f K 2 is ab o u t 2 %. In  view o f the  relatively high ionic strength  o f the experim ental 
solu tions the precision a tta ined  in  the present determ ination  o f  K 2 m ust therefore 
be regarded  as very satisfactory. H owever, in  attem pting  to  assess the accuracy 
o f the presen t value o f  K 2 it  is necessary to  consider to  w hat extent th is value is
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affected by an  e rro r in  th e  determ ination  o f  the  quan tity  D\.  W ith  th e  aid  o f  eqn. 
( 1 . 1 2 ) it  can  be show n th a t
d K J K 2 =  ckJ K 2 =  +  (2 .20)
S ubstitu ting  the  num erical values fo r Di  an d  a Dl it  is found  th a t over the  op tical 
density  range em ployed the  relative e rro r <tkJ K 2  increases from  0-58-1-37 %.
In  com paring  the  presen t value o f  K 2 w ith  those  ob ta ined  by  o ther w orkers it 
m ust be m entioned  th a t the  la tte r  w ere ob ta ined  a t “  room  tem peratu re  ” , an d  in  
som e cases no allow ance was m ade fo r activ ity  coefficients s. M ore im p o rta n t 
still is the  chem ical stability  o f  the substra te  since in  spectropho tom etric  m easure­
m ents b o th  reversible and  irreversible light effects m ay in troduce sources o f  serious 
e rro r if  n o t recognized an d  allow ed for. F o r  th is reason, in  any  spec tropho to ­
m etric w ork, tests o f  reproducib ility  o f  m easurem ents (so lu tion  p rep a ra tio n  and  
ageing) are m andato ry . D uring  the presen t w ork it was found  th a t in  th e  p H  range 
1-4 salicylic acid solutions, w hether stored in  the d ark  o r exposed to  daylight, rem ained  
stable fo r several weeks. H ow ever, alkaline solu tions exposed to  dayligh t show ed 
significant increases in  the  op tical density  (1-3 %) afte r 24 h. Storage in  th e  d a rk  
greatly  reduces th is  effect. A lso, on  exposure to  u.v. rad ia tion , alkaline solutions 
o f  the  acid  tu rn ed  p ink  afte r 1 h  w hile acidic so lu tions changed neither in  co lour 
n o r in  op tical density. T o  allow  fo r th is effect duplicate  so lu tions o f  th e  acid  were 
used in  all experim ents, an d  op tical density  m easurem ents m ade as soon  as possible 
afte r the ir p repara tion .
D uring  experim ents the  stock so lu tion  o f  salicylic acid  was sto red  in  th e  dark . 
Studies o f  th e  short-term  (several hours) stab ility  o f  these so lu tions revealed no 
d rift in  the ir op tical densities. I f  these precau tions were n o t taken , an d  m easure­
m ents m ade on  so lu tions 24 h  o ld  an d  exposed to  daylight, increases in  the  value 
o f  K 2  o f  u p  to  25 % were ob ta ined .
2-H Y D R O X Y -5-C H L O R O - AND 2-H Y D R O X Y -5-B R O M O -B EN Z O IC  A CIDS
T he ab so rp tio n  curves o f  these tw o acids were m easured as a  function  o f  p H  
over the  range 240-340 m fi. T he spectra  are very sim ilar to  those o f  salicylic acid. 
T he sa lient features o f  th e  abso rp tio n  curves o f  the  th ree  acids are com pared  in  
tab le  3.
T a b le  3 .— K e y  p o in t s  of t h e  a b so r pt io n  sp ec t r a  of sa l ic y l ic  a c id  
AND ITS 5-CHLORO- AND 5-BROMO-DERIVATIVES
compound W m/‘) 2min(m^ ) isosbestic points (m/.t)
h 2l H L - L2- h 2l H L - L2- h 2l + h l - L 2-+H L "
salicylic acid 303 297 300 262 258 268 258&299 276&290
5-Cl-salicylic acid 315 309 312 265 263 279 261&311 288&309
5-Br-salicylic acid 315 308 312 265 264 281 251&311 282&308
In  view o f the  sim ilarity o f  the  spectra o f  these acids it is clear th a t the  sam e 
criteria  o f choice o f  w avelength an d  experim ental p rocedure hold . A ccordingly, 
D u K\  and  K 2 fo r the tw o acids were found  by exactly the  sam e m ethod  as in  the 
case o f  saliyclic acid. T he results are given in  tables 4-7 from  w hich it  can  be seen 
th a t the precision a tta ined  here in  determ ining the requisite quantities is as good  as 
fo r salicylic acid. A s one w ould  expect, b o th  K\ and  K2 fo r these acids are larger 
th an  those fo r salicylic acid. T he present values fo r K\  o f  the  tw o acids are som e­
w hat low er th an  those reported  by Bray, D ippy, H ughes and  L ax to n , 2 an d  th is 
can be a ttribu ted , at least in  p art, to  the relative instab ility  o f  th e  ch loro- and  brom o- 
derivatives, w hich m akes itself ap p aren t even in  acidic m edia. Tests fo r long- and
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T a b le  4 .— F ir s t  d is s o c ia t io n  c o n s t a n t  o f  5 - c h lo r o - s a l i c y l i c  a c id
X =  338 m /t; c =  0-9647 x  10-"3 mole/1.; D$ = 0-778 ±0-000
a x  103 
(mole/1.) D y = ii(Dq—D) Ay h X  103 hf\ X 103
2-972 0-538 4-156 +  0013 3-384 2-988
2-123 0-505 3-659 - 0 - 0 1 2 2-591 2-322
1-528 0-471 3-257 +  0 - 0 1 2 2-055 1-862
0-849 0-429 2-861 -0 -0 1 4 1-448 1-332
0-425 0-391 2-585 +  0-006 1-088 1 - 0 1 1
—  • 0-349 2-330 +  0006 0-736 0-692
D x =  0-217; cr^ ji =  ±0-004.
K\ (present work) =  2-23 x  10-3 ; a ^ 1 =  ±0-02 x  10-3. 
K \  (previous work) : 2-35 x  10~ 3 (ref. 2).
T a b le  5.— S e c o n d  d is s o c ia t io n  c o n s t a n t  o f  5 - c h lo r o - s a l i c y l i c  a c id
X =  338 m /i ; c =  0-9647 x 10  3 mole/1,. ; Z>i =  0 -217+0-004
b x  102 
(mole/1.) D  y - = 1 l ( D - D i ) Ay [O H 'Jx  102 7X102 .M tO H -]/* )
3-910 0-639 2-369 +  0-005 3-777 3-946 18-575
4-600 0 -6 8 8 2-125 -0 -0 0 6 4-463 4-640 15-384
5-290 0-734 1-937 - 0 -0 0 2 5-149 5-334 13-081
5-980 0-775 1-794 +  0 -0 0 2 5-836 6-028 11-345
6-900 0-821 1-656 +  0-0 0 1 6-752 6-952 9-612
7-820 0-862 1-552 +  0-0 0 1 7-668 7-875 8-314
K 2 (present work) =  1 * 1 2  x  1 0 ~13; =  ± 0 - 0 1  x  1 0 ~13.
T a b le  6.— F ir s t  d is s o c ia t io n  c o n s t a n t  o f  5 -b r o m o -sa lic y lic  a c id
X =  337 m / t ; c  =  0-9796 X 10- 3  m ole/1 . ; D o  == 0-890+0-001
a x  103 
(mole/1.) D y = 1/O>o-D) Ay Ax 103 h f \ x  103
3-823 0-648 4-134 -0 -0 0 3 4-193 3-655
2-973 0-618 3-670 -0 -0 0 5 3-390 2-994
2-379 0-590 3-327 +  0-009 2-836 2-529
1-529 0-541 2-865 +  0-003 2-061 1-867
0-637 0-471 2-387 - 0 - 0 0 2 1-276 1-180
— 0-402 2-049 -0 -0 0 3 0-744 0-700
D\ =  0-246; CTjDj =  ±0003 .
K\ (present work) =  2 - 2 0  x  1 0 3; o k i  = ±0-01 x  IO-3.
K\ (previous w ork): 2-44 X l0 - 3 (ref. 2 ).
T a b le  7 .— S e c o n d  d is s o c ia t io n  c o n s t a n t  o f  5 -b r o m o -sa lic y lic  a c id
X =  337 m /i;; c =  0-9796 x  10- 3  mole/1 . ; D\ =  O' 246+0-003
Ax 102 
(mole/1.) D y == 1HD- Dd Ay [OH-] X 102 7X102 M O H -J /i)
2-988 0-663 2-399 +  0-005 2-854 3-023 25-435
2-735 0-729 2-070 -0 -0 1 6 3-596 3-776 19-627
4-482 0-795 1-819 +  0 - 0 1 0 4-337 4-528 15-887
5-228 0-845 1-669 + 0 0 0 2 5-079 5-279 13-280
5-975 0-890 1-553 +  0-004 5-823 6-030 11-373
7-096 0-941 1-438 -0 -0 0 5 6-939 7-155 9-316
K2 (present work) =  1-46 x  10 13; oK 2 =  ±0-03 x  10~13.
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sho rt-term  stab ility  suggest th a t so lu tions o f  the  substitu ted  acids are less stable 
th a n  those  o f  salicylic acid, an d  th a t o f  th e  th ree  the  least stable is th e  brom o- 
derivative. T hus, on  exposure to  daylight a  so lu tion  o f  th is acid  in  w ater (pH — 3) 
show ed a  1-5 % increase in  th e  op tical density  afte r 15 h, an d  tu rn ed  b row n after 
8  weeks. O n  th e  o th er han d , a  so lu tion  o f  the  ch loro-derivative w as fo und  to  age 
m uch  m ore  slowly an d  d id  n o t show  a  co lour change. I t  also appears th a t the
o - i
0-7
0-6
^  0-5
oo«w
T3
0-3
5 0 0270
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F ig . 2.—Absorption curves of aqueous solutions of 5-nitro-salicylic acid 
( c  =  4-484 x l0 ~ 5 mole/1.).
(1) 0-50 N  HCIO4 ; (2) H 20  (pH =  4-35) ; (3) 0 05 M borax (pH =  9-18);
(4) Carbonate/bicarbonate buffer (pH =  9-56);
(5) Carbonate/bicarbonate buffer (pH =  9-99);
(6 ) Carbonate/bicarbonate buffer (pH =  10-46);
(7) 1-81 x  10-3 n  NaOH (pH =  11-16);
(8 ) 0-20 N  NaOH.
acids age m ore rap id ly  a t h igher p H  values. O n exposure to  u.v. rad ia tio n  solu­
tio n s  o f  th e  tw o acids in  0-85 N  H C 10 4 show ed no change in  op tical density  afte r 1 h, 
w hile a  so lu tion  o f  the  brom o-derivative in  w ater ( p H ^ 3 )  becam e b row n an d  th a t 
o f  th e  ch loro-acid  tu rn ed  ligh t yellow. U n d er the  sam e conditions alkaline solu­
tio n s o f  these acids tu rn ed  p ink . H ow ever, over a  period  o f  6  h, neither acid, ir­
respective o f  the  pH , show ed significant changes in  the  op tical density  on  exposure 
to  daylight.
In  o rder to  m inim ize th e  effects o f  the  instab ility  o f  the  tw o acids an d  to  enable 
reproducib le results to  be ob ta ined  th e  sam e p recau tions were tak en  as fo r salicylic 
acid. R esults o f  experim ents perfo rm ed  in  the absence o f  these m easures tended  to  
give appreciab ly  (5-10 %) larger values fo r the  first d issocia tion  constan ts  o f  the 
tw o acids.
2-H Y D R O X Y -5-N IT R O -B E N Z O IC  A C I D
T he p H -varia tion  o f  the  abso rp tion  spectra  o f  th is  acid  is show n in  fig. 2. I t  
can  be seen th a t the  spectra differ m arkedly  from  those o f  salicylic ac id  an d  its
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chloro- an d  brom o-derivatives. T he spectra, w hich strongly  resem ble those  o f 
p -n itro p h en o l , 15 show  tw o w ell-defined bands, one in  the  270-350 m/r region and  
th e  o ther in  the  360-480 mp  region. In  ad d itio n  the spectra exhibit a  sharp  isos- 
bestic p o in t a t X =  355 mp.  S tarting  from  zero th e  in tensity  o f  the  long-w ave 
ban d  increases w ith  increasing p H  u n til it reaches a  m axim um  value a t p H — 13,
w hen the  acid  is com pletely  ionized. This type o f  behaviour suggests th a t a t
X =  410 mp,  i.e., a t the  w avelength correspond ing  to  the  peak, the  only light- 
absorb ing  species is the  doubly  ionized fo rm  o f  the  acid  and , consequently , th a t a t 
th is  w avelength  eqn. (1.14) is applicable.
Since th e  second d issociation  constan t o f  th is acid  was fo und  to  be approxim ately  
equal to  th a t o f  carbonic acid, buffers consisting  o f  H C IO 4 an d  N a 2CC>3 were added  
to  solu tions o f  th e  acid.
L et p  rep resen t th e  sto ich iom etric concen tra tion  o f  N a 2CC>3, and  q th a t o f  H C IO 4 
in  the  s o lu t io n ; then , since h is negligible, we have
[ C 0 23 - ] = » / 2 +  X i) ,  (2.21)
[L  2- \  =  cK1l{hf2 +  K 2), (2.22)
w here K'2 is the  second d issocia tion  constan t o f  carbon ic acid. F urtherm ore , since 
eqn. (1.14) is applicable, it  follows
[L 2~ ]  =  c D / D 2 . (2.23)
A lso, from  electroneutrality ,
p =  [ 0 H - ]  +  4 +  c +  [ C 0 2- ]  +  [L 2~ ], (2.24)
w hich in  view o f (2.21) an d  (2.23) becom es
p = [ O H - ]  +  ?  +  p K i f f [ O H - ] / ( K w/ 2 +  K i f 1[ O H - ] )  +  c(l +  D /D 2). (2.25)
E qn. (2.25) can  be transfo rm ed  in to  a  q u ad ra tic  expression in  [OH~] an d  solved
by s tan d ard  m ethods.
T he ion ic streng th  o f  the  acid  so lu tion  is readily  fo und  to  be given by
j  =  3 p - 4 - c - [ O H " ] .  (2.26)
T he experim ental d a ta  were trea ted  by  m eans o f  (1.14) using the  approx im ation  
procedure already  described. T he results o f  these com putations, in  w hich the  
value o f  K-2 was ta k en  as 16 4-69 x 10-11, are show n in  tab le  8 .
T a b le  8.— S e c o n d  d is s o c ia t io n  c o n s t a n t  o f  5 - n i t r o - s a l ic y l ic  a c id
X = 410 m /7; c -  4 -4 9 9 x  10-5 mole/1.
(/>-<?) X 103 
(mole/1.)
q X 103 
(mole/1.) D y = H D A y [O H -]x l04 7x102 / 2/([O H -]/2)xl03
7-000 3-000 0-565 1-770 — 0-011 2-250 2-673 3-276
6-500 3-500 0-527 1-896 — 0-005 1-910 2-626 3-868
6-000 4-000 0-490 2-042 +  0-006 1-622 2-579 4-564
5-000 5-000 0-410 2-440 +  0-017 1-164 2-484 6-387
4-000 6-000 0-325 3-082 - 0 - 0 0 5 0-817 2-387 9-145
3-500 6-500 0-284 3-520 +  0-003 0-673 2-339 11-127
3-000 7-000 0-243 4-124 - 0 - 0 0 5 0-545 2-290 13-777
K - 2  (present work) =  4-58 x 10 11; o k 2 —  ±0-04 x 10 n .
In  co n trast to  salicylic acid  an d  th e  halogen-substitu ted  acids it  was found  
th a t so lu tions o f  th e  n itro-derivative, irrespective o f  p H  o f  th e  solu tion , show ed 
no changes e ither in  co lour o r op tical density  on  exposure to  daylight o r to  u.v. 
rad ia tion .
240 D I S S O C I A T I O N  C O N S T A N T S  OF S A L I C Y L I C  A CI D S
E X P E R IM E N T A L
All glassware was carefully calibrated before use, and all reagents were of “ AnalaR ” 
grade—with the exception of the 5 -NO2-, 5-C1-, and 5-Br-salicylic acids. The organic 
acids were all purified by repeated recrystallization from conductivity water, and dried 
in vacuo over P2O5 for several weeks. The purity of each acid was tested by m.p. deter­
m ination and by titration against standard alkali. CC>2-free conductivity water was used 
throughout. Standard solutions of perchloric acid were prepared from an “ A nalaR ” 
60 % solution, and standardized against both borax and sodium carbonate. Standard 
carbonate-free N aO H  solutions were prepared by transferring a filtered 50 % NaO H  
solution into a nickel b o ttle 17 (fitted with a soda-lime guard tube) containing the requisite 
am ount of conductivity water. In  preparing the buffer solutions the perchloric acid was 
added below the surface of the N a2C0 3  solution in order to prevent loss of CO2 . For 
the determination of the dissociation constants the organic acid solutions were freshly 
prepared for each run, and the optical density measurements made as soon as possible 
thereafter.
Spectrophotometric measurements were made by means of a Unicam S.P. 500 spectro­
photometer, equipped with an Adkins therm ostated cell holder, in which the cells were 
kept at 25°±0T °C . The same two matched silica cells, 1 cm long, were used throughout 
the investigations. The optical density scale was calibrated by means of a standard solu­
tion of potassium chromate.18 In  the calibration of the wavelength scale of the instru­
ment both a hydrogen and a mercury-cadmium lamp were employed.
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